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Abstract
The research employs the theoretical lens of human ecology of disease to examine the

ecology of malaria in Lagos state, Nigeria. As a first step | examine the spatial and
temporal trends in clinical malaria infection using a density-based algorithm to identify
two locations (Ikeja and Kosofe LGAs) with one of the highest malaria infection rates

and ecologically diverse terrain. They form the focus of this research.

| gather data and derive measures on 26 theoretically relevant environment and socio-
cultural risk variables in a cross-section of 208 households using mixed methods that
comprise semi-structured interviews, a questionnaire, environmental observations, GIS
and remote sensing data and GPS mapping. Through these efforts, I build a household
spatial database. | assess the contributory influences of the risk variables through the
development and assessment of ten ecologically relevant candidate models of urban
malaria using statistical and GIS analysis. | also engage with the everyday lives of the

households and qualify the quantitative relationships.

Findings reveal that the most parsimonious candidate model is grounded on the human
ecology of disease principle. While many of the variables are not statistically
significant, some, such as travel history, animal presence and household size, are of
public health importance. One important finding emerges. The risk variable “working at
night without mosquito protection”, though it does not appear in this model, seems to be
important across other models. | examine it further and note that its risk within
households is higher than those associated with residential locations. In fact, households
inhabit low-risk locations and have low vulnerability risk rates. This suggests that in
urban areas, infection likely occurs outside homes and mostly from places of work or
social gathering, and coincides with older household members rather than vulnerable
children. This research suggests further insights for urban-like occupations and

behaviours.
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Chapter One: Introduction

1.1 Introduction

Urban malaria as noted by Baudon and Spiegel (2003) is the malaria of the future
Africa. While much is known about rural malaria, little is known about the ecology of
urban malaria, particularly in areas that depict the African urban locations of tomorrow
(Brieger et al., 2001). This thesis investigates the environmental and socio-cultural
risks’ of urban malaria in households in a cross-sectional study in Lagos state, Nigeria.
Nigeria is home to Lagos, Africa’s largest urban agglomeration, and it is also the nation
with the highest malaria burden (UNDESA, 2012; WHO, 2012a). By 2015, Lagos state
is projected to be the 14™ largest agglomeration in the world (UNDESA, 2012). My
research will identify risk factors important for urban malaria in Lagos state from a
broad range of them and through it further a deeper knowledge of its ecology in this

location and that will yield specific policies for the disease reduction.

Though the World Health Organization (WHO) reports a global recession in malaria of
approximately 17% and 26% in cases and deaths respectively between 2000 and 2010,
and current estimates for 2010 are about 219 million cases of malaria and 660,000
deaths (WHO, 2012a); however, this is not the case in Lagos state, Nigeria, the case
study site for this research. Between the years 2000 and 2011, the total number of
malaria cases increased by 77.3% and cases of malaria in pregnancy rose by 124.3%
over the last five years of this period (LSMoH, 2010; 2011). Despite the decreasing
global figures on the burden of malaria, according to WHO (2012a), this decrease
represent only 10% of the true scale. There are still local cases which are missed due to
poor surveillance systems at local, national and regional levels (WHO, 2011b; 2012a;
2012Db). This implies that the downturn recorded globally may be otherwise at smaller

scales, which is made obvious in the figures reported in this case study site.

! This describes that observable part of the human culture that draws on cultural precepts, economic constraints, social norms and
individual psychology. It is used interchangeably in this thesis to mean the same as behaviour.
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My thesis draws on the theory of human ecology of disease to examine risks and
patterns of urban malaria at fine geographic scale as depicted by this study location.
While the ecology of malaria in rural areas has been much studied (Deressa et al., 2007,
WHO, 2012a), evidence on the urban ecology is limited. In the past, malaria was
considered a predominantly rural disease (Klinkenberg et al., 2005). The reason for this
Is that urbanisation protects from disease, owing to the greater affluence in urban
populations in urban areas that affords them the use of mosquito protection; pollution
from urbanisation, affecting larval habitats and life-cycle of mosquitoes; and higher
human density, leading to lower biting rates (Robert et al., 2003), focusing research and
interventions to only rural locations. However, with urbanisation in Africa has come the
opposite, what Endsjo (1973) calls “urbanisation with economic progress but no
development”. There is mounting evidence of rapid population increase, urban poverty
and deteriorating health and municipal infrastructure, unplanned development and
increasing indulgence in rural livelihoods within urban locations (Afrane et al., 2004;
Klinkenberg et al., 2005). This creates opportunities for vector breeding in a population
with relatively low immunity (Trape and Zoulani, 1987). As such, many African cities

are unable to cope with the consequences of this ecological change.

The concern for the consequences of the rapid urbanisation in Africa has increased the
involvement of scholars in urban malaria research in Sub-Saharan Africa. These include
Klinkenberg et al. (2005) (study in Accra, Ghana); Wang et al. (2006a; 2006b) (study in
Dar es Salaam, Tanzania and Abidjan, Cote d’Ivoire respectively); Nahum et al. (2010)
(study in Cotonou, Benin); and Ngom and Siegmund (2010) (study in Yaounde,
Cameroon). While they have individually examined a broad range of variables, making
important contributions to knowledge, the studies are still limited in their consideration
of an integrated range of important factors for the future. Owing to their current
situations, they are still not able to give an account of what may be expected in Africa

by mid-century, should population continue to increase at the estimated rate.

In Lagos, Nigeria, which currently represents the urban Africa of tomorrow, studies
have focused on socio-cultural aspects of paediatric malaria and caregivers (Brieger et
al., 2001); prevalence of pregnancy malaria (Agomo et al., 2009); malariometric

2 Currently, there are two megacities with population of about 11.2 million. By 2025, these megacities will remain; Lagos, as one of
them, will increase in population to 18.9 million. The number of urban agglomerations with populations between 5 and 10 million
will rise from one to seven, those with 1 to 5 million persons from 40 to 71 and those with 500,000 to 1 million persons from 44 to
71 between 2011 and 2025. Therefore, by 2035, over 50% of the Sub-Saharan African population will live in cities. Lagos’s
urbanisation rate is about 3.7%; the majority of other cities have a rate of less than 1%, but by 2050, Africa’s urbanisation rate will
triple (UNDESA, 2012)
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surveys of peri-urban Lagos (Aina et al., 2013) and vector entomology (Oyewole and
Awolola, 2006; Okwa et al., 2007) with little or no emphasis on an integrated range of
ecological factors with potential to increase malaria in urban locations. Nigeria is still
one of the highest carriers of the disease and of the death burden in Africa and globally,
with Lagos being one of the highest contributors in the country (FMoH, 2005; 2006;
RBM, 2008; WHO, 2012a). Nigeria’s current urban rural proportion is 49%, which is
about the average predicted across Africa for 2035° (UNDESA, 2012).

1.2 Burden and Trends in Malaria Transmission

Malaria, a parasitic disease caused by the bite of an infected anopheles mosquito,
continues to be a major public health problem. There are 104 malaria-endemic
countries, and 79 of them are classified as being in the malaria control phase with
ongoing transmission (WHO, 2012a). Amongst these endemic countries, Nigeria and
the Democratic Republic of the Congo (DRC) account for over 40% of estimated
deaths, and these countries together with India account for over 40% of cases globally.
Approximately 174 million of these cases (81%) and 91% of deaths occur in Sub-
Saharan Africa, mostly of children under five years (WHO, 2011b; 2012b). From this,

Nigeria accounts for about 25% of cases and over 35% of global deaths (see Figure 1).

Hospital reports by Lagos State Ministry of Health (LSMoH, 2011) show that malaria
accounts for over 60% of outpatient visits, and is responsible for the 30% and 11%
mortality rates in children under five years and pregnant women respectively. The state
contributes the highest figures in the south-west zone, which accounts for the majority
(50%) of the Nigerian malaria burden, with the lowest contribution from the south-east
zone (28%) (FMoH, 2005; Mouzin et al., 2012).

After over a century’s worth of investment in research and intervention efforts at
eradication and control by international and national agencies, WHO has currently set a
target to achieve 75% global reduction in malaria cases by 2015. Currently, 50 countries
are on track to achieve this, but Nigeria and DRC are yet to record any reduction in
malaria cases, unlike India which is predicted to record a decrease of about 50 to 75% in
incidence between 2000 and 2015 (WHO, 2012a). According to WHO (2012a),
progress in more than one-third of tropical developing countries of which Nigeria is part

% The proportion of urban rural population in Africa is currently estimated at 40% and is expected to increase to 50% by 2035
(UNDESA, 2012)
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cannot be assessed. WHO believes that the limitation in data availability inhibits
evaluation.

Higerla I—

Higerla
India Democratic Republic of the (ongo  |E———
Democratic Republic of the Congo I Burkina Faso |
United Republic of Tanzania Mozambigue |
Uganda I Indlia
Mozambique | (ot d'lvoie . ———
(iite d'lvaie . |
Sudan oy |
Ghana | Uganda |
Indonesia

Burlina Faso | ——

e e —
Zimbaiwe |

L ———

Central African Repubic

e e ————

e —
S0malia

Ihadagascar kit

0% 0% 4% 0% 80% 100% 0% 2% 4% 0% 80% 100%
(a) Cumulative % of cases (b) Cumulative % of deaths

Figure 1: Cumulative proportion of the global estimated cases and deaths accounted for by countries with
the highest number of (a) cases and (b) deaths

Source: World Malaria Report (WHO, 2012a)

Data available to WHO (2012a) (in Figure 2) shows that while a gradual decrease has
been recorded in deaths and severe cases of malaria, the number of confirmed malaria

cases continues to increase in Nigeria; this is also the case in Lagos state (LSMoH,
2010; 2011; WHO, 2012a).
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Figure 2: Microscopically confirmed cases, admissions and deaths from malaria (per 100,000) in Nigeria

Source: World Malaria Report 2012 (WHO, 2012a)



Though Nigeria reports a higher prevalence of malaria in rural (48%) than in urban
areas (23%) (Mouzin et al., 2012), this is not in doubt as malaria has been established as
a rural disease (WHO, 2012a). What is of concern is that by mid-century, Sub-Saharan
Africa will be almost as urbanised as current Lagos, Nigeria (UNDESA, 2012). As
such, the urban malaria burden, globally estimated at 25% (Keiser et al., 2004), may be
exacerbated. To avert this, Nigeria, and in particular Lagos state, are important areas to
begin to understand the urban ecology of the disease towards its future prevention in
Sub-Saharan Africa. According to WHO (2012a), meeting the stated international target
to reduce 75% of the malaria burden depends on achieving substantial gains in the
highest-burden countries, of which Nigeria tops the list. Examining this state and
country, which currently depict the future urban situation in Sub-Saharan Africa,
presents an important point for study. This will increase knowledge of the ecological
characteristics of the locality and urban malaria in general through the application of

relevant theoretical frameworks.

1.3 Theoretical Strands
From the body of studies on the ecology of malaria, three dominant theoretical

frameworks have been applied for the understanding of the disease.

Early studies adopt a landscape epidemiological approach based on Pavlosky’s theory
of natural focality of disease (Pavlovsky, 1966). The foci of infectious diseases are
analysed by delimiting vector habitats through the examination of vegetation, climate
and other elements of the physical environment and natural landscapes and linking them
to vectorial risk indices and malaria transmission patterns (Mutuku et al., 2009;
Machault et al., 2010), but they contain little that are cultural.

Another group of studies employ a socio-ecological lens to study how behavioural
attributes that include culture, knowledge, education, religion and migration influence
malaria risk patterns as well as health behaviour, without reference to environmental
and natural factors connected to vector presence (Njama et al., 2003; Oresanya et al.,
2008).

The third group of studies utilise a human ecology of disease framework to examine
both socio-cultural and environmental factors such as proximity to anopheles habitats,
topographical characteristics, housing, travel history, climate, agriculture, religion,
preventative behaviour, education, knowledge, attitude and practice associated with
malaria risks (Afrane et al., 2004; Klinkenberg et al., 2005).

5



Evidence from studies points consistently to certain factors that have been associated
with increased incidence of malaria in urban areas such as migration and travel history,
housing and preventative behaviours and proximity to vector breeding habitats,
identified to include agriculture and open drains (Klinkenberg et al., 2005; Ye et al.,
2008; Baragatti et al., 2009; Yamamoto et al., 2010). While the importance of these risk
factors in increasing malaria have been revealed in earlier studies, local variations in
risk factors and the way they influence disease patterns do occur (Hay et al., 1998b),
and little is known about whether these are relevant single/combined factors that could
address the malaria situation in the city centre of Lagos, Nigeria, such that a significant
reduction could be recorded in the location of highest burden that could trigger a
significant global success. Other factors such as working at night, partaking in night-
time activities without protection, and the way a broad range of variables interact in

urban locations have not been particularly studied.

My research, therefore, intends to bridge this gap. | employ the dominant lens of human
ecology of disease to examine the ecology of malaria in urban Lagos state through a
broad range of risk factors.

1.4  Statement of Research

The overall aim of my research is to study, explain and understand the ecology of urban
malaria in a case study location of Lagos state, Nigeria and through it identify important
risk factors for the disease in this location. This is implemented at two levels: through
the analysis of clinical malaria infection in Lagos state and the investigation of the
influence of environmental and socio-cultural variables on malaria risk in lkeja and

Kosofe local government areas (LGA).

As part of the research process, | develop spatial databases at both the meso (Lagos
state) and the micro levels (lkeja and Kosofe LGASs) linking both environmental and
socio-cultural variables. | achieved this by using mixed methods in a two- stage cross-
sectional study protocol. The databases form the basis of my thesis upon which all

analysis is conducted in order to answer my research questions.

At the meso scale (Lagos state), | examine the quality of clinical malaria infection data

reported by the LSMoH over the period 2000-2009. | assess the temporal trends of

these data sets during the same time period using a qualitative approach. In addition, I

explore the spatio-temporal trends in clinical malaria in order to visualise, identify and

select locations of elevated rate of disease, such as Ikeja and Kosofe LGAs, that later
6



form the in-depth focus of this research. | further this investigation at this scale to
examine the relationship between meteorological variables and clinical malaria
infection. This is to understand the influence of climate on biological and entomological
processes taking place in the disease cycle in lkeja and Kosofe LGASs, an urban centre in
Lagos state. It is currently assessed to be an urban heat island* (BNRCC, 2012) and one
of the locations with an elevated malaria rate. | advance this knowledge in urban
malaria at the location (lkeja-Kosofe), and probe local processes of environmental and
socio-cultural importance and their contribution to malaria occurrence in households. |
identify variables of both statistical and public health significance and describe their
role in influencing urban malaria infection supported by the human expressions of

place.

In setting out this overall aim, my research will answer these questions through the

research objective stated under each research question below.

1.4.1 Research Question 1
In what ways do socio-cultural and environmental risk factors impact on the patterns
of urban malaria? How are these patterns revealed? Why are these risk factors

important?

1.4.1.1 Research objectives

e To explore and visualise the spatial and temporal patterns of clinical
malaria cases in Lagos state, identifying locations with elevated disease
rates

e To examine the relationship between clinical malaria and meteorological
variables in lkeja and Kosofe LGAsS;

e To investigate the urban malaria risks in relation to environmental and
behavioural (socio-cultural) exposures in households in lkeja and Kosofe
LGAs.

1.4.2 Research Question 2
How reliable is the malaria data reported through the Lagos State Ministry of Health
(LSMoH)?

% Lagos is currently experiencing a temperature increase of 0.04°C per annum and an annual increase in rainfall of 15cm, a two-
week increase in the length of the rainy season, and extremely hot days (with the temperature exceeding 38°C).
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1.4.2.1 Research objective
e To examine the quality of clinical malaria infection data and its
management and reporting system in Lagos state-owned health care

facilities

15  Research Methods

To achieve these research objectives, my strategy as depicted in Figure 3 was to first
explore the malaria infection data produced by routine data collecting health care
facilities (HCFs) in Lagos state. This was to identify an appropriate location for the in-
depth study. In doing so, I identified a location where the study applied a two-phase
cross-sectional approach primarily focused on gathering and analysing data on
households. It consisted of a pilot study and a main study that employed a mixed-
methods approach made up of a semi-structured interview, GIS, remote sensing, and a
questionnaire survey. | used the results of the semi-structured interview conducted
during the pilot stage to improve and develop a questionnaire survey employed in the
main study as well as to enhance the interpretation of the quantitative relationships
(Tashakkori and Teddlie, 2003).

Exploration of Clinical Malaria Infection rates in
Health Care facilities in Lagos LGAs

\ 4

Selection of Study Location based on elevated
malaria rates and diverse ecological characteristics

!

In-depth Study

Figure 3: Research strategy

Mixed methods are advantageous because they utilise quantitative methods to quantify
malaria risk relationships and qualitative methods to capture and voice human
experiences of disease and place (Johnson and Onwuegbuzie, 2004; Creswell, 2009).
While they enhance the development and improvement of the quality of the research
instruments used for this research, they are resource demanding, and there is often loss
of information during the qualitative to quantitative data conversion process (converting
semi-structured interview transcripts to close-ended questions in the questionnaire).

Despite this, employing a mixed-methods approach in this research allows it to engage



with the evolving sub-discipline of medical and health geography (Entrikin, 1991,
Kearns, 1993).

Apart from the household survey, my research also relies on purposively collected
secondary sources of malaria infection data, climate data, entomological information
and GIS datasets to assess malaria risk relationships (White, 2010). The malaria
infection data is explored spatio-temporally using a density approach to identify areas of
elevated disease rates such that they become a focus for further investigation. | explore
the resulting environmental and socio-cultural datasets associated with malaria risks
using familiar geographical techniques in ways to further our understanding of urban
malaria and human experiences. These approaches include GIS and statistical methods,
image processing techniques and content analysis. In all these, my main data analytical
techniques are logistic regression (Hosmer and Lemeshow, 2000), limited to only binary
outcome datasets; time-lagged correlation, to examine malaria—climate relationships
(Zhang et al., 2010); content analysis, a quantitative approach to analyse textual data
with the weakness for information loss (Bazeley, 2003; Bryman, 2012); an adapted
version of the Global Fund for Aids Tuberculosis and Malaria Data Quality Audit
(GFATM DQA) tool to assess the quality of malaria infection data (GFATM, 2009);
and GIS analysis to develop and examine trends in quantitative data (Jerrett et al., 2010;
Cromley and McLafferty, 2012).

Embarking on a pilot study prior to a larger project can provide insight to possible
difficulties (Lackey et al., 1998); however, not all flaws of a major project show up at
that stage. According to Treece and Treece (1986) and Lackey et al. (1998), a pilot
study does not provide all answers, because it is an artificial situation, with limited
scope, a small sample size, and above all the ensuing context not anticipated in a larger

study can override all earlier stated reasons.

I hope that by using a mixed-methods approach in this research, I will not only engage
with the evolvements in the sub-discipline of health and medical geography but shed
light on the much deeper complexity of the disease often not captured by a single

method.

1.6 Significance of Study

My study provides a basis for evidence-based research into the complexity of urban

malaria from multiple perspectives. It employs the human ecology of disease

framework, a dominant theory of the sub-discipline of health and medical geography, to
9



address a disease of present and future significance in the most urbanised location of

Africa. This has academic and policy-based significance.

The thesis applies mixed methods to derive two spatial database products that did not
previously exist: a macro-scale spatio-temporal malaria information system for Lagos
state and a micro-scale spatial database on household malaria risks and its
environmental and socio-cultural variables of Ikeja and Kosofe LGAs. These databases
will be examined through the development and assessment of predictive models that
will reveal important pathways for disease exposures in the urban environment of Lagos
state and locations with similar characteristics. With this, there will thus be new
contributions to knowledge such as using the theoretical framework and narrowing
down on important risk factors in Lagos state, with theoretical, methodological and

empirical significances.

This study will also contribute to the evidence needed to better understand the urban
ecology of malaria in Lagos state. It will therefore reveal more facts regarding the
suspected malaria burden that Africa is likely to face by mid-century and beyond,
thereby using such knowledge to plan and reduce the impact of this future crisis. This
will support public health decision-making and future disease management through its
conclusions that derive from the use of these databases. These could initiate progress

into further studies.

1.7  Thesis Structure

For coherence purposes, my thesis is structured around nine chapters (including this
one) as presented in Figure 4, it shows the way each chapter relates to the others.
Though Chapters Two and Three are dedicated to the review of literature on malaria,
other chapters continue to recount scholarly evidence that justifies the elements of the

research.
Chapter One: Introduction

Chapter One introduces my research by discussing the theme of the study, the research

objectives and the thesis’s significance, as well as its outline.
Chapter Two: Geography of Malaria

In Chapter Two, | examine fundamental concepts in health and medical geography and

the way they relate to the geography of malaria. | also discuss main theoretical strands
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employed in the study of malaria and establish the existing research in Lagos. | progress
to describe the biological and behavioural aspects of the vector mosquito and the way
they relate and coincide with human behaviours.

Chapter Three: Human Ecology of Malaria

Here | present a literature review of urban malaria studies, employing a human ecology
of disease analytical framework to discuss the determinants of the disease under two
broad themes, environment and behaviour, that represent the socio-cultural aspects of
humans. | identify important variables that will be further examined in my research. |
review quality issues with malaria data and its reporting system. | conclude this chapter
by summarising gaps in the literature, introducing the theoretical framework that will
guide the data collection and analysis stages of this research and in so doing test and

apply theory in this case study.

Chapter One: Introduction

A 4
Chapter Two: Geography of Malaria

Chapter Three: Human Ecology of Malaria

v

Chapter Four:
Research Methods

v v

Chapter Five: Quality Chapter Six: Exploratory Chapter Seven:
Assessment of Malaria Space Time Patterns of Environmental and Socio-
Data Malaria and Examination P cultural Risk to Malaria

of its Relationship with
Meteorological
Variables

v v v

Chapter Eight: Discussion

A

Chapter Nine: Conclusion

Figure 4: Structure of the thesis
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Chapter Four: Research Methods

In Chapter Four | present a contextual description of the study area. | discuss and justify
the research design and the study populations for the pilot and main studies. | describe
the research instruments, the resulting datasets and measures, data collection and
analysis methods. | consider the contribution of the feedback from the pilot study on the

main study. I conclude with sections on fieldwork experiences and ethics.
Chapter Five: Quality Assessment of Malaria Data

Chapter Five responds to the first research objective by assessing the quality of
routinely collected clinical malaria infection data from Lagos state health care facilities
using a modified version of the Global Fund to fight against AIDS, TB and malaria data
quality (GFATM DQ) assessment tool.

Chapter Six: Exploratory Space Time Patterns of Malaria and Examination of its

Relationship with Meteorological Variables

In Chapter Six | explore temporal and spatio-temporal patterns in clinical malaria from
25 health care facilities using a density-based approach as employed by GeoTIME
software. It details the steps used to identify LGAs with elevated malaria incidence and
in so doing ascertain a location for further studies. | also present results of a time-lagged
analysis of the relationship between malaria infection and meteorological variables.

Chapter Seven: Environmental and Socio-Cultural Risks to Urban Malaria

This chapter examines the ecology of urban malaria in households in Ikeja and Kosofe
LGAs by developing and assessing ten predictive models containing 26 environmental
and socio-cultural variables. The best quality model is selected using the Akaike

Information Criteria (AIC) value.
Chapter Eight: Discussion

This is an overall discussion chapter that revisits the research objectives, summarises

the thesis and draws together the main findings, strength and limitations of the research.
Chapter Nine: Conclusion

The final chapter of the thesis (chapter nine) discusses my contributions to knowledge

and future research directions. It also reiterates the limitations of the research.

12



1.8  Conclusion

This chapter has set the scene for this research work by introducing the thesis of the
research, the research objectives and the significance of the study. It summarises the
main findings and contributions to knowledge and presents the thesis structure that runs
through the research work. The next chapter focuses on the geography of malaria
touching on fundamental concepts of health and medical geography, theories and

studies in Nigeria.

13



Chapter Two: Geography of Malaria

2.1 Introduction

Malaria is a disease that has established itself in tropical regions of the world owing to
the favourable environmental and socio-cultural characteristics peculiar to the region.
This tropical concentration has brought about various meanings of place to humans that
even when judged globally have different significances at multiple spatial scales.

The purpose of this chapter is not to give an exhaustive review of fundamental concepts
of health and medical geography as this will be too broad a remit to achieve here. The
focus rather is on concepts related to common theoretical frameworks through which the
geography of urban malaria is discussed and how it contributes to variations at multiple
scales. The chapter outlines the literature search strategy and consciously summarises
studies of the disease in Nigeria and Lagos state without going into the clinical and
medical aspects. The chapter concludes with a description of the vector biology and
population dynamics. The primary concern of my research is malaria as the health
outcome and its associated risk variables and this will be reflected throughout the
discussions in the chapter and where otherwise, will be noted.

2.2  Fundamental Concepts of Health and Medical Geography
Often the relationship between risk variables and malaria are place and scale specific
and as such, human experiences and findings differ significantly at multiple spatial

scales. This section focuses on “Place” and “Scale” and their meaning for malaria.

2.2.1 Place

Despite the schism that characterised sub-disciplinary changes in health and medical
geography (see Kearns and Moon, 2002), what has remained consistent is place, a
fundamental concept of the sub-discipline. The awareness of place as a socially
constructed concept has been the point of argument for a reformed medical geography
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(Kearns, 1993). Its importance dates as far back as 400BC when Hippocrates wrote
about “Airs, waters, places” (in Buck, 1988) and recently in May’s (1960) thoughts on
“disease, space, geographical and cultural location” that remind us once again of the
role of “place” in disease—human—environment interactions. Throughout their empirical
work, they report how rate and distribution of disease vary with environmental
characteristics of place. Today, this relationship has been exploited more than ever in

diverse ways to proffer solutions for many diseases including malaria.

As Gatrell and Elliott (2009) state, “places are locations charged with meaning for
which we have an attachment, i.e. points on the earth of varying spatial scales and size
about which we have a collective memory and consciousness”. Place, while having a
location such as home, hospital, nation and continent, contributes qualitatively to the
health and wellbeing of humans. From a disease ecology perspective, Mayer and
Meade, (1994) describe place as not only space but that which integrates numerous
social, economic, behavioural, cultural, environmental and biological aspects of human
existence to create disease patterns in specific “places” and specific times. This means
no two places are the same, they are unique in their different characteristics as also
noted by Jessop et al. (2008) and Jones and Woods (2013). Cummins et al. (2007)
extend this discussion by describing place through a relational thinking process where
“place” is not static or simple but rather a complex wave of interactions of human
within which a human—environment disease can be investigated. Thus, places are
different and can be represented quantitatvely and experienced qualitatively, an “in
between” as advocated by Entrikin (1991, p.5). Through this, we engage in qualitative
and quantitative methodological debates in the sub-discipline as well as appreciating the
importance of creating knowledge of places. Some studies such as Brieger et al. (2001)
and Githinji (2009) in Nigeria and Kenya respectively employ this “in between” and

relational understanding of “Place” in malaria—environment interaction studies.

For this research, place is thus where humans interact with the environment in
measurable ways that have consequences for proliferation of malaria and overall health
(Gatrell and Elliott, 2009; Meade and Emch, 2010) with the interaction and
consequences being unique to places. The scale at which we represent “Place” brings
different meanings for disease patterns and can be beyond our control, as it is often

limited by spatial data availability and methodological applications.
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2.2.2 Scale

Health data, for example on malaria, is often considered at macro level (e.g. state or
national level) and with limited spatial attributes. This is largely because of the absence
of routinely available small-area (locality) or individual spatially constructed data and,
to a lesser degree, due to a lack of appropriate spatial analysis skills or awareness of
data generators/custodians. This is evident in WHO global reports on malaria recession
that often do not tidy up with figures reported at smaller spatial scales. What this means
is that monitoring and targeting is being undertaken at relatively crude geographical
scales which are often too coarse to reveal local patterns in malaria incidence (for

example, as stated in section 1.1).

Ecological characteristics are spatially heterogeneous, and their constituent patterns at
coarse scales may become irrelevant at a smaller locality, and vice versa (Gatrell and
Elliott, 2009; Meade and Emch, 2010). It is thus debatable at what point a locality
(study area) becomes so large that it is “global” rather than “local” such that we can
interchange and relate findings at multiple scales. This is not often the case in the way
certain variables assert local importance but are only significant at global scales and
vice versa. However, a key advantage accrues when analysing disease patterns at a
micro scale, because this facilitates focus on key problems and areas rather than relying
on averages of a nation or state which have no links to appropriate corresponding data
or meaning for understanding of the disease at another spatial scale.

Another problem faced in Nigeria is the availability of data on various variables at
comparable spatial scales. In many instances health data is aggregated and not
geocoded, thus interest in micro-scaled studies entails that the researcher generates her
own data. Generating one’s data has the advantage of focusing on the problem of
interest, individualising knowledge, intensifying data collection, thereby optimising and
increasing knowledge on “place” — the locality which could otherwise have been
omitted in macro-scale studies. Thus, choosing a study focus in this research work was
often not predetermined by the appropriateness of scale, but interest in a key disease and

key location and the way such knowledge will contribute to global discourses.

Even though scale and place can make research findings specific, such evidence still
provides a basis to understand a research problem in similar locations, such that we can
build on this knowledge. The next section discusses the strategy by which studies on

urban malaria in similar context are identified from literature.
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2.3  Literature Search Strategy
The intention of this literature search is to establish what has been done on urban
malaria and identify common theoretical frameworks employed in its geographical

understanding.

The thesis is concerned broadly with the ecology of malaria where a multiple interaction
of factors influence the disease and it is also concerned with data quality issues. Such
relevant literature has been published under a variety of subject disciplines. The
broadness of geography, and in particular, health and medical geography, the sub-
discipline under which this thesis falls, is such that it has no single dedicated literature
database. My research objectives cover different areas and | have explored various

strategies to find the relevant literatures.

As this thesis is geography-based, | have not lost sight of my intended contribution to
the discipline and the sub-discipline in particular. In view of this, | have employed an
“in betweens” strategy of narrative and systematic review (Collins and Fauser, 2005;
Petticrew and Roberts, 2006). The literature search strategy employs relevant variables
associated with the overarching framework of disease ecology and intended research
objectives as key words in the search. The disease ecology is a dominant framework

used in understanding human—environment—disease interactions.

As stated earlier, my literature search has not been a linear process, neither has it always
included search terms. Owing to the fact that | had to review literature on Lagos and
Nigeria separately, as well as discuss quality issues with malaria infection data, each
search strategy was different. While | have used subject-specific online databases, |
have worked with supervisor suggestions, sourced articles through sources such as local
libraries, publications and conferences in Nigeria which do not have the luxury of an
electronic database, followed lists of references from journal articles, books and advice
from Nigerian and international conferences | have attended. All sources are combined
and efforts are presented as a flow chart in Figure 5.

In more detail, | have searched using Google Scholar, sciences, social sciences, health

and life sciences subject databases. The databases are the Social Sciences Citation Index

(SSCI), Sciences Citation Index (SCI), Applied Social Sciences Index and Abstract

(ASSIA), Social Sciences and Humanities (SSH), Health Sciences (HSC), Life Sciences

on the Proquest, Scopus and Web of Knowledge gateways, the WHO library catalogue

and local publications in Nigeria. | identified keywords from the human ecology of
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disease theoretical framework (see figure 6) (Meade and Emch, 2010); those that have
been translated for urban malaria by Robert et al. (2003) (see figure 7) and from reviews
on urban malaria (Warren et al., 1999; Wang et al., 2006b; De Silva and Marshall,
2012). 1 applied the key words (urban malaria or malaria) AND any of the following
specific key terms at a time or similar terms in multiples (disease ecology, ecology,
knowledge attitude and practice (KAP), knowledge, culture, belief, occupation,
education, wealth, income, expenditure, behaviour, age, ethnicity, religion, migration,
travel history, vegetation, habitat, topography, elevation, slope, aspect, curvature,
climate, meteorology, temperature, rainfall, relative humidity, Normalised Difference
Vegetation Index (NDVI), housing, agriculture, animals). This was an iterative process
as new key words derived from the search are re-applied. | searched these variables with
an additional term (Nigeria and Lagos) to establish Lagos, Nigeria studies. | also
searched for (data quality, data assessment, accuracy, GFATM?). A final total of 3,246
articles were obtained and the subsequent process of excluding irrelevant articles to
review only 82 articles on malaria incidence, 35 supporting articles and 47 on malaria

data quality is presented as Figure 5.

Search of Medline, SSCI, SCI, ASSIA,
Entomology, SSH, HSC, LSC, Google scholar,
WHO library catalogue, Nigerian local sources

and other sources: 3246 articles

1319 duplicates removed
1927 articles

1079 excluded due to location
848 articles

605 excluded due to type of study
243 articles

79 non-English articles excluded

164 abstracts were relevant

82 articles on malaria incidence reviewed in
full, 35 partially, and 47 on data quality,
malaria data quality

Figure 5: Literature search strategy

> Global Fund to Fight AIDS, Tuberculosis and Malaria
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After the download of all references, I first eliminated 1319 duplicate studies from 3246
articles which arose from the way the search was applied to individual subject databases
that held similar articles, leaving 1927 articles; In the next stage, | excluded 1079
studies from the 1927 articles where the focus was on rural areas, non-tropical,
westernised countries or generalist articles that did not have a study focus or that
concentrate on animals leaving 848 articles. From the 848 articles, | then removed 605
studies that centred on the anopheles vector which were beyond the study scope. As
experimental study designs are not that common, | do not differentiate them in this
research but rather focus on the perspectives being brought in by the different designs. |
identified Nigerian and Lagos studies to clarify what has and has not been done. This
left 243 articles. As there are many studies in English which would give a good
summary of urban malaria, | excluded 79 non-English studies from 243 articles to arrive

at 164 relevant abstracts.

This was an iterative process, and | often went back to the initial search results to hand-
pick relevant articles which | had come across in the list of references, or which
pertained to the anopheles or a rural study location, or clarified some perspectives in the
review process. | integrated this with recommendations from other sources mentioned
earlier, either as part of the final studies reviewed or as supporting articles. The 164
articles include was 82 fully reviewed studies, 35 partially reviewed on malaria
infection and another 47 on data quality (partially and fully reviewed).

Even though the literature search was not a linear process, it covered the length and
breadth of all relevant databases, articles and fundamental textbooks that will form the
basis of the studies and text discussed in the remaining of this chapter and the

subsequent chapter on the ecology of urban malaria.

The next section discusses the geography of urban malaria and commonly employed
discourses in explaining its interaction with the human environment and how they

integrate the fundamental concepts of place and scale discussed earlier.

2.4 The Geography of Malaria and Commonly Used Conceptual Frameworks

With about 25% of the global burden of malaria occurring in urban dwellers in Africa

(Keiser et al., 2004), much still needs to be understood, as past studies focused on the

medical and clinical aspects and less on its geography. However, growing patterns in

studies align with the trend in the sub-disciplinary changes of health and medical

geography. WHO, for example, are more socially and culturally place-aware in their
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research and intervention efforts than before (Heggenhougen et al., 2003). They
currently recommend an integrated vector, behavioural and clinical case management

approach to reduce the burden and meet its millennium target.

Evidence from the literature reveals many discourses that have offered explanations on
urban malaria human—environment disease interactions. This section discusses the
geography of urban malaria clustered around three frequently occurring paradigms: the

landscape epidemiology, socio-ecology and human ecology of disease.

2.4.1 Landscape Epidemiology Approach

In the explanation of the spatial delineations of vector-borne diseases, the landscape
epidemiology approach often arises. This is based on Pavlovsky’s (1966) concept of
natural nidality, which states that the evolution of vector-borne diseases in humans is
triggered by their penetration into a disease system contained naturally amongst wild
animals. According to Pavlovsky (1966) vector species and their accompanying disease
have their natural habitats known as “nidus”, and also referred to as “focus” or “region”,
constrained by a naturally peculiar climate, vegetation, topography and soil and water
composition characteristics that favour the development of vector and associated
parasites. However, when humans intrude into this region, this destabilises the
equilibrium and vectors that ordinarily feed on animals change their feeding patterns to
humans and in the process infect humans (Pavlovsky, 1966). This implies that for
humans to acquire a physical environment-associated disease such that they become
host to parasites, they must have occupied or penetrated the “foci” or “habitat” of that
disease for its benefit at an infectious time of the year. Brown et al. (1996) describe this
as an exploitative and non-beneficial but yet mutual relationship between human and

environmental microorganisms.

As regions favourable for anopheles breeding are characterised by the attributes
mentioned earlier, a number of studies draw largely on the Pavlovsky (1966) theory,
and while they increase knowledge about the vector biology, behaviour and attributes
that encourage this density reveal little or nothing about the incidence of the disease
(Trape et al., 1992; Machault et al., 2012). Since these physical environmental attributes
are mappable, these studies utilise GIS and remote sensing techniques to regionalise and
develop geographic profiles of vector and malaria transmission risk. Mauchault et al. ’s

(2010) study in Dakar, Senegal examine factors which delimit the foci of infectious,
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animal-human disease, by analysing the associations of vegetation, humans, animal and

insect life, soil types, climate, topography and other elements of the natural landscape.

Despite its strength, Meade (1977) accuses it of lacking socio-culturalism in
consideration of individual and society, perceived exposure and cultural aspects. It is
also limited in the sense that health decision-making requires the consideration of
complex factors beyond just the geographical distribution and determinants of disease
risk. In addition, its definition of vector habitats and supposed human intrusion stands
the risk of being criticised for environmental determinism. However, many of its
concepts, such as disease regions and pathogen distribution, have been integrated into
the human ecology of disease framework to regionalise vector habitats as well as human

interactions into these environments.

2.4.2 Socio-ecological Model

According to Stokol (1996) and Butterfield and Lewis (2002), the socio-ecological
model describes the interplay and transaction between people, their behaviour, and their
socio-physical environment (physical, cultural and social dimensions) over multiple
spatial and temporal scales and multi levels. The theory’s core principle is that the
human interrelations and behaviours in social spheres and the various ways they
influence health outcomes is based on personality, perceptions and economic resources.
Thus, the level of congruence between people and their multi-level socio-cultural

environment is an important predictor of wellbeing.

There have been an increasing number of studies adopting socio-ecological models in
the examination of malaria, malaria treatment-seeking behaviours (TSB) and malaria
knowledge, attitude and practice (KAP) which are primarily concerned with evaluating
how aspects of education, wealth, and culture influence the uptake and utilisation of
malaria intervention (Panter-Brick et al., 2006; Esse et al., 2008; Oresanya et al., 2008).
These studies have used both quantitative and qualitative methods (focus group
discussions and interviews) in different locations, thus being place-sensitive. Oresanya
et al. (2008), for example, examined the role of multiple factors in influencing the
uptake of insecticide-treated bednets (ITN) with the aim of assessing progress towards
the malaria Millennium Development Goal (MDG), and they found that religion,
income, education and ethnicity were important community aspects that influence the
level of ITN use. There are also researches applying spatial analysis to assess access,

treatment-seeking behaviour and the usage of health care facilities for malaria control
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(Noor et al., 2003)°. Although these studies are important, they have not focused on the
disease itself but rather on health behaviours such as the uptake of interventions to

prevent the disease.

In contrast, another group of studies have assessed the influence of these behavioural
aspects to the disease (Njama et al., 2003; Saeed and Ahmed, 2003a). Findings reveal
the differing roles of wealth, education, religion, culture and ethnicity on the incidence
of the disease through the way they influence behaviour, housing types, social and
recreation activities. While the role the behavioural aspects play in the uptake of
interventions and the transmission of malaria disease are recognised and the role of the
biological and behavioural aspects of anopheles vector downplayed, it is such that the
story is “incomplete”. As Meade (1977, p. 382) puts it, the appropriateness of
examining both (vector and behaviour) in this model “is dynamically controversial”. A
more applicable method would be one that integrates the concepts from landscape
epidemiology and socio-ecological models as offered by the human ecology of disease

and thereby telling us a complete story.

2.4.3 The Human Ecology of Disease

The human ecology of disease is concerned with the way in which human behaviour, in
its cultural and socio-economic contexts, interacts with environment to produce and
prevent disease amongst susceptible people. These interactions are driven by a number
of variables drawn from frameworks described earlier, which Meade and Emch (2010,
p. 30) sum up under the three vertices with many overlaps, as shown in Figure 6,
enclosing human health: “habitat, population and behaviour”. These variables are
housing and settlement patterns, workplaces, health care services, transportation
systems, schools and governments, individual psychology, agricultural lands, socio-
economic constraints, mobility, roles, beliefs, social norms and cultural practices and
technological interventions arising from education, migration, application of new
knowledge and inventions, population genetic make-up, age, gender, nutritional and
immunity status, and physical environment variables such as climate, water and soil

composition, topography, and vegetation cover (Meade and Emch, 2010).

The framework is based on all the elements at the three vertices of human ecology of

disease interacting in space and time to produce a level of health in a population.

® Findings not discussed as beyond study scope
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social technology
Figure 6: Triangle of human ecology of disease

Source: Meade and Emch (2010)

2.4.3.1 Health

Meade and Emch (2010) present health as not an absent or present characteristic but
according to Audy’s (1971) measurement of continuing property of health where
everyone is at a different level. When applied to malaria, it means people may carry the
parasite without falling ill whereas others with a high parasite density may eventually
succumb. Across the urban malaria literature, health has been represented as health
behaviour, mild or severe forms of malaria or its consequences (Koram et al., 1995;
Saeed and Ahmed, 2003b; Klinkenberg et al., 2005; Oresanya et al., 2008).

2.4.3.2 Habitat

The habitat, from Gatrell and Elliot’s (2009) conceptualisation, is “place”, with meaning
for both the anopheles vector and humans. According to this framework, this consists of
the physical, built and social environments. The physical environment is associated with
variables that naturally encourage the presence of anopheles such as climate, water and
soil composition, topography, vegetation cover while the social environment variables
consist of social and political manifestations like health care, transportation systems,
schools and governments and man-made environment variables are housing and

settlement patterns, agricultural lands and workplaces.
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2.4.3.3 Population

Population is concerned with the characteristics of humans as biological organisms —
potential hosts of disease. According to Meade and Emch (2010) these characteristics
include genetic make-up, age, gender, nutritional and immunity status, which define

human ability to cope with changing environment and disease status, e.g malaria.

Children under five years, pregnant women living in malaria-prone areas and non-
immune visitors to such areas have been classified as the most vulnerable populations
(Agomo et al., 2009; Phillips et al., 2009; WHO, 2012a). Genetically, non-sickle cell
carriers are more likely to develop and experience devastating consequences from

malaria compared to sickle cell carriers (Nahum et al., 2010).

2.4.3.4 Behaviour

Humans, as cultural beings, partake in daily behaviours that alter their habitats. They
construct homes, cultivate land, gain education, earn a living, take up a role, develop
and employ new technologies, migrate, participate in religious and cultural activities,
and through this create a belief system characterised by values and perceptions
(MacCormack, 1984; Brown et al., 1996). These are what Meade and Emch (2010)
define as behavioural variables, which describe the observable part of human culture.
Meade and Emch (2010) identifies four pathways through which there is interplay
between humans, vectors, parasites and environment that have a health outcome. First,
through human re-creation of the environment, thereby altering anopheles habitat
conditions; second, participating in risky behaviours; third, the moving around of
elements of the disease environment system (vectors and parasites) through the
transportation system, during migration; fourth, the practice of cultural norms, for
example, selection of one’s marriage partner, with consequences for the genetic make-

up of the populations.

The human ecology of disease looks at both the habitat or environmental and the social,
cultural or behavioural aspects of the framework. In so doing, it sums up what the
landscape epidemiology and socio-ecological models individually explore. Though
Kearns (1993) initially criticised this approach as being too quantitative, in recent times,
Kearns and Moon (2002) acknowledged its theoretical and methodological consistency
in its representation and creation of knowledge on place over even the qualitative
approaches. To understand these broad human—disease—environment interactions means

to identify and measure the associated variables and evaluate their relationships.
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However, they are often daunting and difficult to measure, as Meade (1977) indicates

the task can oversimplify a complex disease system.

Robert et al. (2003) utilises the human-disease-environment approach to develop a
conceptual framework for urban malaria (Figure 7). It features a range of climatic and
topographic factors, entomological, land-use and demographic characteristics,
individual and household factors and municipal (government) initiatives. Robert et al.
(2003) clearly separate those variables associated with the vector from those within the
power of humans to modify. The importance of these thematic range of variables that
this thesis can draw on are revealed through the studies of Baragatti et al. (2009);
Peterson et al. (2009) and Ngom and Siegmund (2010) discussed in the next chapter.
Thus, it presents itself as a relevant framework to assess urban malaria differentiations,
but across the literature many of its associated variables are still left unexamined,
leaving the story on the human ecology of urban malaria incomplete. Perhaps, it is the

daunting task of measuring the complex variables that has limited research.

/ Human Ecological 8"“ Climatic and Topographical Factors
Environmental Factors = .
Humidity, rain, temperature, slope, soil type
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Figure 7: Conceptual framework for urban malaria transmission in Africa

Source: Robert et al. (2003, p.173)
The next section focuses on reviewing existing studies on Lagos, Nigeria to establish

what has been done and what this research will build on to contribute to better

understanding of urban malaria in the study location.
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2.5  Nigerian Studies

As noted earlier and further expanded in the next chapter, this research is limited to
reviewing studies were malaria is the health outcome and environmental or/and socio-
cultural risks are contributory factors to the disease. While this scope is also applicable
to Nigerian studies reviewed, there are very few studies that have addressed this,
thereby limiting what can be synthesised in this sub review of literature. | begin by
summarising studies that have gone beyond the scope of my research without going into

the details of their findings while noting the trends related malaria studies have taken.

Entomological studies, studies examining factors influencing malaria TSB, KAP and
studies on malaria prevalence, acquired immunities and case management conducted
under clinical settings and communities are the broad group of studies that have
dominated the literature on Lagos, Nigeria. As they are beyond the scope of this
research, their findings are not discussed. What | note through the studies though, is the
increasing awareness of the role of socio-cultural factors in TSB and KAP pre-21%
century (Ogunmekan, 1983; Ekeh and Adeniyi, 1986; Brieger et al., 1996) after the era
of early 1930’s centring on the eradication of malaria and single focus on vector control
in Davey and Gordon’s (1933) and Garrett-Jones and Shidrawi’s (1969) studies.

Most recently in the 21% century, in the era of integrated management of disease there
was more diversification of studies even though they were clinically situated, focusing
on TSB or entomological studies (Okwa, 2003; Senbanjo and Opreh, 2008) and very
few on malaria as the outcome. These studies were less concerned about environmental
risk factors and engaged more with socio-cultural factors. In Lagos state specifically,
Okwa’s (2003) investigated the prevalence of malaria in pregnant women in relation to
a range of socio-cultural factors including place of residence. Out of six local
government areas (LGAs) examined, the findings showed that pregnant women living
in most urbanised part of Lagos state which is lkeja had the highest incidence of malaria
while Lagos Island which is the commercial nerve centre of the state reported the
lowest. Also Christians have the highest infection rate over Muslims and other religions.
However when we think about the high rate of uptake of bednets by Christians in
Nigeria as reported by Oresanya et al. (2008) little wonder if uptake is equivalent to
usage because Okwa’s (2003) recorded the highest infection rate in pregnant women
using bednets as a preventative option over use of others like screen doors/windows,

mosquito repellents and elimination of breeding sites. Women in genetic blood groups
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A and O appear to be very susceptible to malaria with the genotype A having the
highest rate of malaria. None of the studies examined the prevalence rates of malaria in
Nigerian ethnic tribes and my research intends to explore it.

More recent studies have examined the relationship between malaria and environmental
factors. These studies are outside of Lagos state and | highlight some of their concerns.
The studies of Ediang et al., (2005), Ayeni (2011) and Omonijo et al., (2011) report the
influence of climate change on clinical malaria patterns in parts of Nigeria but with little
or no explanation for the observed trends. Those by Ifatimehin et al., (2009) and Njar et
al., (2013), in Kogi and Cross Rivers states respectively, applied quantitative analysis to
assess and map malaria disease transmission in relation to environmental risk. While the
studies attempted to examine housing characteristics, proximity to various anopheles
breeding habitats and malaria, they are methodologically flawed, with no real attempt to
appropriately measure population health, physical and social environmental risk factors.
One such study is that by Oluleye and Akinbobola (2010) in Lagos state. This study
assessed only the temporal patterns of malaria disease in relation with physical
environmental aspects of temperature and rainfall, without assessing the rainfall’s or the
time-lags’ effect on the biology of the vector and, in turn, malaria, or the socio-cultural
risk variables. The findings from Oluleye and Akinbobola (2010) study are discussed in
the next chapter under climate.

Entomological studies by Awolola et al., (2002a), Afolabi et al., (2006) and Oyewole
and Awolola (2006) in Lagos state reports a number of prominent anopheles mosquito
behaviours, species and preferred habitats. This forms the focus of the next section.

2.6 The Anopheles Vector Mosquito and the Plasmodium Parasite

The anopheles gambiae, anopheles arabiensis and anopheles funetus are the major
malaria vectors in Lagos, Nigeria and Sub-Saharan Africa in general, but the most
efficient belongs to the anopheles gambiae complex (Thomson, 1948; Service, 1970;
Okwa et al., 2007). These vectors harbour the most fatal and commonly occurring
disease parasite: Plasmodium falciparum, whose survival depends on the survival of the
mosquito itself, which then are a function of its behaviour and the availability of
appropriate habitats (Anderson et al., 1996; Sinden and Gilles, 2002).

2.6.1 Habitats
Anopheles mosquitoes have a preference for natural habitats such as marshes, swamps

and bodies of water. However, the difficulty of sustaining natural habitats in urban areas
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has forced the adult and larval mosquitoes to adapt, breed and develop in human-
induced habitats like agricultural lands and forests (Matthys et al., 2006a; Olayemi et
al., 2011). There are temporal habitats in urban areas that are rain-and human-fed:
wells, pools, puddles, hoof prints, burrow pits, ditches, tyres, tyre tracks, drains/gutters,
domestic water containers and refuse dumps (Service, 2002; Okogun et al., 2005;
Adeleke et al., 2008). Their choice by larvae and adult mosquitoes depends on the
specie. For example the anopheles melas species has maintained its preference for salt
breeding and vegetated habitats such as lagoons; orchards; crab holes; edges of
mangrove swamps; rivers and streams at the Lagos coastlines (Service, 1970; Awolola
et al., 2002b).

2.6.2 Behaviour

The anopheles mosquitoes have a predominant behavioural pattern but under certain
circumstances can also exhibit other behaviours. For example, after a human biting
session, the adult anopheles mosquito settles outdoors or indoors in dark corners, under
the bed, in walls, roofs, plants and vegetated surfaces. Where cattle and domestic
animals are present in greater numbers than humans, they primarily feed on animals
(Service and Townson, 2002) and have been found to exhibit such behaviours in Lagos
state (Awolola et al., 2002b; Oyewole and Awolola, 2006). The anopheles gambiae
peak biting times are at 10pm outdoors and 3am indoors, while the a. arabiensis peak
biting time is at 1am outdoors, but bite throughout the night indoors. The anopheles
funestus, on the other hand, has a peak biting time of 2am outdoors and 10pm indoors
(Oyewole and Awolola, 2006). In all, both indoors and outdoors, the anopheles

mosquitoes persistently bite through the night.

The average life-span of the anopheles mosquito is about 10 to 14 days, but can be
longer or shorter depending on climate, predation and absence of disease
(Teklehaimanot et al., 2004). In the temperature range between 16 and 28°C and relative
humidity of 60%, they are known to effectively encourage their development to last
between 9 and 10 days, but at temperatures below 16°C or above 35°C and a relative
humidity less than 50%, mortality is high (Macdonald, 1957; Craig et al., 1999; Service
and Townson, 2002). Unlike the anopheles gambiae, the a. funestus and a. arabiensis
have a preference for the dry season and because of their presences across seasons, both

are responsible for all-year-round malaria transmission.
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The behavioural and habitat characteristics of the vector and that of humans can be
linked to the behavioural and habitat vertices of the human ecology of disease
framework such that their coincidences become a risk for human malaria. These, when
understood, can help to identify risks to humans and apply appropriate frameworks for

their measurements.

2.7 Conclusion

This chapter summarises how sub-debates have shaped knowledge on urban malaria in
Africa, and particularly Nigeria, and through it connect geographies of developed and
developing countries to locality studies through knowledge of place (Phillips and
Rosenberg, 2000; Jessop et al., 2008; Jones and Woods 2013). From the studies, we
noted that the spatial and temporal patterns shown by malaria are a consequence of
global and local environmental and behavioural variables; we then identified the human
ecology of disease framework as an encompassing theory to promote its full
understanding. Despite its strength in this respect, studies that attempt to apply the
framework fully for malaria in Nigeria and the wider Sub-Saharan Africa are still
limited.

We observed that except for the studies by Brieger et al. (1996), Brieger et al. (2001),
Oluleye and Akinbobola (2010) and Aina et al. (2013) on aspects of the ecology of
malaria, no study, to the best of my knowledge, has been undertaken to explicitly
examine the ecology of urban malaria at such a spatial scale and breadth in Lagos state
that this study sets out to undertake. Progress in this area has been limited by past
legislative and political freedom to freely access, collect and use relevant Nigerian
datasets, but an amendment to the Nigerian Freedom of Information Act on 6™ June

2011 will possibly trigger improvement in this area.

In other parts of Sub-Saharan Africa, particularly East Africa, the local ecology is
different and risk factors for malaria are often not applicable to West Africa where this
research is situated. The differences in localities and the fact that a one fix solution
cannot address problems across “localities”, is an issue Jessop et al., (2008) and Jones

and Woods (2013) have recognised.

East Africa is different. It is topographically diverse with accompanying climate

resulting in what is called highland malaria, i.e. epidemic, unstable seasonal malaria,

limited by diverse temperature conditions in these topographically diverse regions. This

is not so in West Africa where malaria is endemic, stable and occurs all year round,
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though peaks may arise seasonally in specific locations. Therefore, evidence found in
these other areas have not always been transferable and this lack of transferability may
have contributed to the inability to record decline in many of the West African countries
like Nigeria, Ghana and Cote d’Ivoire (WHO, 2012a). As the largest and emerging
urban locations, e.g. Lagos, Ouagadougou, Abidjan and Freetown, are situated in West
Africa and this makes it an important region to create knowledge. Thus, it is important

to understand this ecology and tailor more appropriate response to this local situation.

It is obvious that there is a paucity of studies on the geography of malaria in Lagos and
Nigeria, and there is a need to increase knowledge about the locality through the
application of appropriate frameworks. Consequently, in the next chapter, | will employ
the theory of human ecology of disease, identified earlier, as an analytical framework to

identify and assess variables important for urban malaria.
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Chapter Three: Human Ecology of Malaria

3.1 Introduction

A number of environmental variables have been proposed from the previous chapter to
explain the regionalisation of malaria, a vector-borne disease. Although the literature
covers a wide variety, this review will focus on two major themes in relation to an
outcome which emerge repeatedly across the literature. These are associated with the
habitat and behaviour elements and health outcome as depicted in the triangle of human
ecology of disease, the most encompassing of the theoretical discourses identified in the

earlier chapter to be most relevant for explaining the ecology of urban malaria.

They are: the influence of the environment (physical and built) in the regionalisation of
anopheles habitats; human presence as translated from the habitat element; and the role
of the socio-cultural environment in defining human vector contact as interpreted from
the behavioural element of the human ecology of disease framework. These themes are
related to the population’s characteristics and health outcome. The study population
characteristics describe the vulnerability of the population in terms of non-immune
travellers, pregnant women and children under the age of five and sickle cell carriers.
These all represent risk factors often appearing under the population, habitat and
behavioural elements of the vertices of the human ecology of disease (HED) framework
that are all translated and adopted for this study.

In the context of malaria, the health outcome frequently occurring in literature can be
expressed in terms of differentials in malaria incidence; differentials in vulnerability to
the consequences of infection, for example, the risks of mortality or severe malaria; or
in terms of access to or use of effective means of preventing or treating malaria (Koram
et al., 1995; Klinkenberg et al., 2005; Oresanya et al., 2008). In this review, | primarily
focus on the differentials in malaria incidence which has been represented in studies by

a range of malariometric indices. Malariomeric indices represent measures used in the
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literature to represent the incidence, occurrence or probability of malaria. They include
self-reported malaria and hospital based measures derived from clinical symptoms or
confirmed through laboratory tests all sometimes translated to malaria burden.

The studies reviewed have applied a number of methodological approaches to identify
risk variables, examine disease patterns and their contributory effects. Quantitative
methods have commonly prevailed. For example, for the dichotomous outcome
variable, logistic regression is applied (Alemu et al., 2011); when independent variables
are non-categorical, discriminant analysis is used (Omumbo et al., 2005), for continuous

variables, linear regression (Ra et al., 2012).

In analysing temporal relationships between the disease and meteorological variables,
correlation and regression have been useful as demonstrated by Ye et al. (2008) and
Zhang et al. (2010). Often ARIMA (autoregressive integrated moving average) is used
to remove correlation, consider time-lagged and seasonality effects and predict future
occurrences of malaria (Zhang et al., 2010). Zhang et al. (2010) study has also used

qualitative graphical representations to describe temporal patterns in malaria infection.

In particular, for spatial pattern detection, global and local spatial autocorrelation
methods have also featured. With reference to space-time clustering, the challenge of
representing clusters as snapshots of time have persisted, and often a spatial-only
approach such as Moran’s I, Geary’s Index and Kulldorf SaTScan is applied (Ernst et
al., 2006; Hui et al.,, 2009; Bejon et al., 2010; Wen et al., 2011; Cromley and
McLafferty, 2012), leaving the spatio-temporal story to be told through multiple
timestamps of disease patterns. New methods similar to the CUSUM and employing a
density approach through GeoTIME software is slow to gain grounds despite offering a
single timestamp and interface for all analysis. Perhaps, its non-probabilistic

exploratory space time cluster detection approach deters its common use.

For derivation of habitat measures, spatial analysis, GIS and modelling, and remote
sensing functions such as measurement, surface analysis, overlay analysis and statistical
analysis, band ratios, classifications have been applied on sources that include remote
sensing imageries, GPS mapping (Jerrett et al., 2010; Machault et al., 2010). In terms of
behavioural elements, while quantitative methods such as surveys are frequently applied
to capture them, qualitative methods like interviews and focus groups have also been
used (Tang et al., 1995; Brieger et al., 2001).
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Studies at household and population scales are less common than at individual levels
because most research tend to focus on children (less than five years) and pregnant
women identified to be most vulnerable to the disease. Nevertheless, a number of
important risk factors have emerged as common across these study scales and as such
have not been differentiated by scale in this review unless where the findings differ. The
review will follow the structure of the HED framework beginning with a summary of
health outcomes; risks associated with the physical environment followed by the built
environment, socio-cultural factors and some population characteristics. It will also

touch on data quality issues.

3.2  Health

There are many ways to construct “health”. The World Health Organization (WHO)
defines “health” as a state of complete physical, mental and social wellbeing, and not
merely the absence of disease and infirmity (WHO, 1946). Meade and Emch (2010) as
part of the HED framework suggest the use of Audy’s (1971) definition of “health” as a
continuing property, i.e. a state of health measured by the ability to cope with
environmental stimuli. According to Kearns (1993) and Kearns and Collins (2009)
Audy’s approach centres on the biomedical disease-oriented model while WHO
definition is encompassing and appears to capture a broad positive orientation that shifts

away from this biomedical approach to representation centred around human potentials.

As stated in the introductory section, health in this review will focus on a range of
malariometric indices which represent differentials in malaria occurrence. Thus, in the
context of malaria, it has been represented both biomedically and humanistically.
Current malaria indicators used by WHO to monitor and evaluate intervention impacts
are broadly categorised under reported malaria, health service delivery and intervention
coverage (WHO, 2012a) which Kearns and Collins (2009) classify as humanistic and
representing a positive outcome. Common measures which emerge consistently across
malaria literature are: differentials in malaria occurrence (Ye et al., 2008); differentials
in vulnerability to the consequences of infection — for example, risk of mortality,
complications of severe malaria (Greenwood et al., 1987); or in terms of access to or

use of an effective meaning of preventing or treating malaria (Rashed et al., 2000).
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3.3 Physical Environment

The physical environment consists of characteristics such as climate, topography, land
use and land cover (LULC) and vegetation conditions (Meade and Emch, 2010).
Climate seems to be particularly influential amongst these characteristics. For example,
climate is a function of topography and as well it can influence vegetation, LULC types.
Vegetation types and LULC also influence evapo-transpiration within a climatic cycle
creating a micro climate condition. These ensuing interrelated and complex
relationships make it difficult to tease out the individual roles of these physical

environmental variables on malaria risks.

3.3.1 Climate

A number of studies exploit the direct link between these commonly applied
meteorological variables (temperature, rainfall, relative humidity, sunshine) and
anopheles mosquitoes (Ye et al., 2008); while others examine the anopheles density and
the number of malaria cases it translates to (Ye et al., 2008); and others investigate the
indirect relationship with malaria cases (Zhang et al., 2010). Secondary sources provide
easy access to long-term climate and malaria infection data to exploit this relationship
over experimental designs where the abundance and infectivity of the anopheles
mosquito can be monitored, but this has the disadvantage of data with poor temporal
resolution (monthly instead of daily datasets), and as such, the effect experienced in
days is often not captured or modelled. On the other hand, embarking on experimental
designs is expensive and not often feasible for monitoring long-term impacts. It also
assumes that the abundance of vectors that emerge from enabling climate conditions and
their infectivity are translated into higher cases of malaria without taking into account
that human behaviours can interrupt this relationship. Findings from these associations
as discussed subsequently have been a point of debate in the last century.

3.3.1.1 Climate-Malaria Debate

Climate has been established by many authors such as Craig et al. (2004b) and Zhang et
al. (2010) to have a relationship with malaria. This is through the way rainfall
influences ecological and habitat changes and how temperature determines the longevity
of vector and parasite with possible consequences for the disease spread. This
relationship has been taken beyond just the association of similar trends in these
variables to be identified as a main determinant of increased malaria and its resurgence
in highlands Africa. This territorial expansion of malaria is the reason behind the
climate-malaria debate.
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The climate malaria debate is concerned with the resurgence of malaria in previously
free malaria zones of highland Africa. According to Lindsay and Martens (1998);
Martens (1999) and Tanser et al. (2003) transmission were rare, sporadic and unstable
but in recent times increased frequencies of disease and changes in patterns have
occurred. Patz et al. (1996); Epstein et al. (1998); Lindsay and Martens (1998); Martens
(1999); Kovats et al. (2001) and Tanser et al. (2003) argue that the increases are a
consequence of 0.6°C increment in global temperature that has occurred in the last
century (Houghton et al., 2001). On the other hand, Craig et al. (2004b); Chaves and
Koenraadt (2010) and Stern et al. (2011) assert that though a relationship exists between
climate and malaria, it is more complex than imagined by the earlier authors due to
multivariate factors that are demographic and social working hand in hand with climate.
This is supported by Mouchet et al. (1998) and Hay et al. (2002a) who contend that
malaria increment also occurred in areas of stable malaria and lowland areas like West
Africa where climate is less at variance and even resurged due to drug resistance at the
Thai-Myanmar-Cambodia borders (Na-Bangchang and Congpuong, 2007). It is argued
that factors other than climate play a role in the disease spread and more importantly at
small geographic locations. They include drug resistance of the plasmodium, population
and urbanisation, cross border migration, poor health provision, vector control, land use
changes and culture (Hay et al., 2002b; Craig et al., 2004a; Craig et al., 2004b; Ye et
al., 2008; Chaves and Koenraadt, 2010).

Recent global malaria maps developed by Gething et al. (2010) show that areas reported
to experience rises in temperatures coincide with areas where intervention strategies
have successfully reduced the malaria burden. These debates thus re-assert the need to
examine other aspects of the environment and human influence at smaller spatial scales
and localities. This study intends to examine these while acknowledging the role of the

anopheles described in the previous chapter in the malaria climate relationship.

3.3.1.2 Climatic Conditions necessary for the Anopheles Mosquitoes Development

According to Service and Townson (2002), appropriate climatic conditions are
necessary for the survival and abundance of the anopheles mosquitoes. Rainfall, relative
humidity and temperature are noted to be relevant for their survival, but the overarching
importance of temperature persists. Paaijmans et al. (2010) say that the availability of
moisture through rainfall influences transmission while temperature acts as a regulatory
force that determines to a large extent the mosquito’s survival and abundance. Further,
Macdonald (1957); Craig et al. (1999); Service and Townson (2002) clearly establishes
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that mosquitoes will survive between 16 and 35°C where relative humidity is as low as
50%. This translates to their survival lasting between 9 to 10 days within that
temperature range. However at an optimum temperature range of between 20 to 25°C
and an accompanying relative humidity of 60% survival can extend to 10 to 14 days
meaning higher abundance of mosquitoes and a possible increase in number of malaria
cases (Paaijmans et al., 2010). At temperatures below 16°C or above 35°C and relative
humidity less than 50%, mortality is high and survival time is less than 9 days (Craig et
al., 1999) and above 40°C the survival rate is zero (Craig et al., 1999; Okogun et al.,
2005; Fournet et al., 2010). These decrease the density and abundance of mosquitoes
with possible implications for decreased malaria incidence. Similar climatic conditions

have occurred in Lagos, Nigeria.

A number of studies have examined the relationship between anopheles mosquito
characteristics and climatic conditions and possible associations have ensued for
increased abundance, densities with possible consequences for higher human biting
rates with more humans being infected leading to increased malaria incidence. I
acknowledge that a direct relationship exists between these but indirectly with malaria.
The scope of this research and review of literature focuses on studies examining the

indirect relationship between malariometric indices and climatic variables.

3.3.1.3 Temperature
When we examine the relation between malaria and temperature and even other

meteorological variables, it is the non-linear and indirect relationship that we exploit.

This temperature relation has been the study focus in a number of peri-urban and urban
areas (Ye et al., 2008; Zhang et al., 2010; Tay et al., 2012) but more focus at broad
spatial scales (Craig et al., 1999; Teklehaimanot et al., 2004; Omumbo et al., 2005).
They use data on mean, maximum, minimum or weighted mean, derived daily, monthly,
bi-weekly or seasonally from meteorological stations and/or meteorological satellite
remote sensing imageries of differing spatial resolutions such as Meteosat 4-6,
AVHRR-NOAA' or the HRR-EUMETSAT?® (Hay et al., 1998b; Rogers et al., 2002).
The studies have related the variables to malaria incidence with datasets at daily,
weekly, bi-monthly, monthly, seasonally or annual temporal nature from the vulnerable

population (children, pregnant women, non-immune travellers) or the general

" AVHRR-NOAA: Advanced Very High Resolution Radiometer — National Oceanic and Atmospheric Administration.
8 HRR-EUMETSAT: High Resolution Radiometer-European Organisation for the Exploitation of Meteorological Satellites.
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population from clinical settings, and analysed them by applying different time-lags
specific to data. Temperatures at which the relationship is significant have ranged from
22°C to 27°C across studies (Craig et al., 1999; Ye et al., 2008).

What the key findings establish can be summarised in one statement: a form of
relationship exists between temperature and malaria, but in urban areas this has been
inconsistent. Also, a consensus on the single most valuable temperature predictor has
not been reached across the studies, as the locations have varied ecologically and used
different temperature and malariometric measures. These findings presented in the next
paragraphs.

For example, in Teklehaimanot et al’s (2004) ten-year study in the highlands of
Ethiopia using the time-lagged regression method in urban areas differentiated by
altitudes above and below 1700m: in areas located above 1700m, the minimum weekly
temperature is positively associated with the number of malaria cases, with a significant
increase extending from seven to ten weeks prior to cases and the size of the effect
growing in magnitude over that range. In contrast, in areas below 1700m, the minimum
temperature has an immediate small non-significant positive effect on the number of
malaria cases, which stabilises over a longer time-lag to become statistically significant.
The maximum temperature is not significant at any altitude. As areas on topographic
altitudes above 1700m depict temperate-like colder climates, similarly, in the temperate
city of Jinan, China, Zhang et al.’s (2010) study reports a significant positive
relationship between the minimum monthly temperature and malaria cases per month at
four weeks’ time-lag, and also records an immediate impact and similar patterns even
with the maximum temperature, in contrast with Teklehaimanot er al.’s (2004) earlier
stated findings. On the other hand, Tay et al.’s (2012) findings in a population-based
study in the urban centre of Kumasi, Ghana are similar to those of Teklehaimanot et al.
(2004) on the non-immediate impact of the maximum temperature on malaria cases with
up to 12 weeks’ time-lag in the general population. However these studies differ in their
findings on the impact of minimum temperature on malaria. While Teklehaimanot et al.
(2004) report an immediate significant positive increase in malaria cases following an
increase in minimum temperature, Tay et al. (2012) record an immediate inverse
relationship, non-significant impact until after eight weeks, when a small positive

impact is reported.
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In peri-urban areas, the influence of minimum temperature on clinical malaria cases is
also inconsistent. In Tay et al. (2012) study, the minimum temperature has a negative
relationship with clinical malaria at 0, 1 and 3 months’ time-lags, but not at 2 months’
time-lag, where there was no impact. Maximum temperature did not have any
statistically influential relationship with malaria for any time-lag except at one month,
where there was a non-significant decrease in malaria cases. In Ye et al.’s (2008) study
in the peri-urban town of Nouna, Burkina Faso, the risk of plasmodium falciparum
infection increased in a paediatric population, as did anopheles densities, with an
increase in the mean monthly temperature to between 23°C and 27°C, after which a
negative relationship occurs. Using 27°C as a reference point, Ye et al. (2008)
demonstrated that temperature above 27°C led to a significant increase in the mortality
of anopheles mosquitoes and a decrease in P. falciparum infection, and at temperatures

below 23°C, there was a risk reduction of about 53%.

On a broader spatial scale, Craig et al.’s (2004b) 30-year population based study in
South Africa, found only the mean maximum daily temperatures from January to
October of the preceding season to be significant with daily malaria cases; they were not
significant with the total cases per month. Rakotomanana et al.’s (2010) one-year study
in Madagascar did not find any relationship between the mean monthly temperature and

clinical malaria incident rates even at maximum temperature levels of 26°C.

These findings confirm my earlier statement that some form of relationship exists. In
summary, they demonstrate that while the effect of temperature is experienced at
multiple spatial scales, the urban based studies such as those by Zhang et al. (2010);
Teklehaimanot et al. (2004); Tay et al. (2012) are inconclusive because the local
ecologies have differed in terms of temperate locations and topographic influences as
well as malariometric measures applied. The paucity of studies and understanding of
urban locations in Africa in particular, show that more needs to be known on the

influence of climate in such ecologies, particularly using long-term data.

3.3.1.4 Rainfall

According to Hoshen and Morse (2004) and Cator et al. (2013), the relation between
malaria transmission and rainfall is best studied when temperature is not limiting, or
when urban wastewater create alternate habitat sources that may trigger mosquito

numbers, or under intense rainfall that may wash away habitats causing temporary
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disruptions in their survivals and development and thus obscure the already indirect

relationship between malaria and rainfall.

The onset or occurrence of the smallest amount of rain has been associated with
increased vector densities and malaria cases in urban and peri-urban areas, even under
dry-season conditions (Adeleke et al., 2008; Ye et al., 2008) and the abundance of
anopheles mosquitoes from these, vary by species. Mbogo et al.’s (2003) and Fillinger
et al.’s (2004) studies demonstrate these anopheles-rainfall relationship®. Current
studies on the malaria—rainfall relation do not discount these factual relationships, but
simply builds on them to understand how it translates to increase malaria incidence. In

urban areas, though, such research is limited.

Just like temperature, rainfall has been studied using different measures: total rainfall
amount, weighted total, average by month or season, rainfall intensity, and rainfall
duration, derived from meteorological stations and/or meteorological satellite imageries,
as a direct predictor of malaria incidence in a number of urban and peri- urban areas
(Hay et al., 1998b; Rogers et al., 2002). Key findings show that in many instances the
relationship between rainfall and malaria incidence is not always present (Shanks et al.,
2002; Teklehaimanot et al.,, 2004) and where significant relationships occur, the
measures, temporal characteristics, minimum amount of rainfall required and duration
has varied (Craig et al., 2004b; Ye et al., 2008; Oluleye and Akinbobola, 2010). More

discussion follows.

Most associations between rainfall and malaria occur at a certain baseline rainfall value
and are often accompanied with an underlying accompanying temperature of above
23°C (Ye et al., 2008). Craig et al. (1999) argue that for stable malaria transmission to
occur, rainfall of at least 80mm is required for at least five months with accompanying
temperatures of about 22°C. Craig et al. (1999) goes further, proving that one month’s
rainfall above 80mm is not sufficient for any significant malaria transmission to occur,
irrespective of temperature level. On the contrary, Ye et al.’s (2008) study shows that
one month’s rainfall of 100m triggered a significant transmission relationship up to
160mm at temperature ranges between 23°C and 27°C. Similarly, Fournet et al. (2010)
report that rainfall as low as 2.3mm and as high as 200mm maintained at temperatures
above 25°C triggered malaria transmission at all times of the year in Ouagadougou. The

findings differ but yet indicate that the reference point for rainfall amount beyond which

® The anopheles climate relationship studies go beyond the scope of this review and findings are not discussed
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to assess its impact is localised. Ye et al. (2008) peri-urban area study suggests the
highest amount of observed rainfall in any location as a reference point to assess its
impact on malaria infection. In Ye et al. (2008) study the findings showed that under a
four-week lag time, every 10mm of rain above 160mm as the reference point triggered

about a 4% increase in malaria infection under a temperature of 23°C.

Findings from Teklehaimanot et al. (2004) and Tay et al. (2012) studies similarly report
an immediate non-progressive increase in malaria cases with increasing rainfall
amount/duration. As the rainy season progresses, Oluleye and Akinbobola (2010) and
Tay et al. (2012) record an increasingly negative relationship between malaria and
rainfall in urban areas, with rainfall developing an abrupt positive relationship with
malaria with the approach of the dry season in Oluleye and Akinbobola (2010) study. In
Tay et al.’s (2012) study in a peri-urban location, rainfall is immediately negatively
associated with monthly counts of clinical malaria infection, after which an increasing

positive relationship is recorded and becomes statistically significant after two months.

These findings are inconsistent with each other and it can be argued that they result
from the dissimilar ecological characteristics and study focuses. However, they provide
some evidence on the often erratic relationship between malaria and rainfall and the
overarching influence of temperature, although more evidence is needed to prove or

disprove these findings in urban areas.

3.3.1.5 Relative Humidity

According to Okogun et al. (2005), under high temperature conditions, relative
humidity helps reduce desiccation of anopheles breeding habitats, thereby prolonging
their lifespans and survival rates. This relationship with malaria incidence and
anopheles density as stated earlier has not always been a linear one.

Background studies by Okogun et al. (2005), Himeidan and El Rayah (2008), Ye et al.
(2008) and Imbahale et al. (2012) show a positive relationship exists between larval
densities and relative humidity and this varies with the season, with the wet season
having higher larval densities. In a similar study by Rishikesh et al. (1985), indoor
resting densities of adult anopheles mosquitoes have a positive relationship with relative
humidity, but this can differ across species types, as noted by Minakawa et al. (2002),

and this indirect relation can determine level of disease transmission.
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As a direct predictor of malaria incidence in urban areas, the findings on relative
humidity have been similarly inconsistent like rainfall. While Ye et al. (2008) and
Zhang et al. (2010) found relative humidity to have a significantly positive impact on
incidence of malaria at one and two months’ time-lags, Himeidan et al. (2007) and Tay
et al. (2012) did not find any immediate or progressive significant impact. Tay et al.
(2012), however, report a positive significant impact on malaria in a rural location at the
one-month time-lag, but none at two or three months. Ye ez al.’s (2008) and Tay et al.’s
(2012) studies in peri-urban locations established 60% as the optimum relative humidity
value, above which its impact on malaria increased exponentially when there is an

accompanying optimum temperature range between 27.9°C and 30°C.

Though this research focuses on reviewing studies on malaria, it notes the climate—
malaria relationship studies attempts to reveal the indirect and complex association that
occur between the anopheles vector, malaria incidence and meteorological variables and
the role that temperature plays in the overall relationship. A summary of the findings
from studies discussed earlier show that though temperature is represented by different
indices, it has been more consistent in its association with malaria incidence when
compared to other primary meteorological variables such as rainfall and relative
humidity. Evidence from studies reviewed earlier shows that in regions where rainfall
and relative humidity are as low as Omm and 21% respectively and occur in as short a
time as one month, anopheles will breed and increase rapidly in short developmental
cycles, provided the appropriate temperatures prevail (Craig et al., 1999; Okogun et al.,
2005; Fournet et al., 2010). Such circumstances could either lead to epidemic, seasonal
or perennial malaria situations. However, when temperatures are above 22°C with
rainfall as low as 80mm and relative humidity at about 60% occurring over a period of
five months, this will promote stable malaria conditions common in non-

topographically diverse locations.

Based on the above, what we take away from the review is that while other climatic
variables are equally significant under different circumstances, temperature has been
more consistent, significant and possibly the best predictor of the relationship between
malaria and climate in urban areas; however, what remains to be clarified is the most

appropriate measure as determined by the ecological situation of the case study location.

This thesis will contribute to knowledge in this respect by replicating these studies to

examine malaria and multiple meteorological variables in an urban centre characterised
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by high temperatures known to be detrimental to the survival of anopheles, yet record
high malaria infection rates (Oluleye and Akinbobola, 2010; Tay et al., 2012). The
thesis will build on Oluleye and Akinbobola’s (2010) (see rainfall section 3.2.1.3)
limited study in Lagos state; this study investigates only 60 years’ average rainfall and
temperature in relation to 14 years’ average malaria over 12 calendar months. My thesis
will examine multiple climatic variables at different time-lags in a specific microclimate
urban centre location in Lagos state, using longer-term monthly climatic and disease

data, not long term averages such as in Oluleye and Akinbobola’s (2010) study.

3.3.2 Land Use and Land Cover (LULC) and Vegetation

Land use and land cover (LULC) measure different aspects of the earth’s surface. While
land use is related to the human use of land and manifests socio-economic and cultural
functions such as agriculture, housing, industry and man-made vegetation, land cover
describes naturally occurring aspects of the earth’s surface including natural vegetation
and water bodies (Stefani et al., 2013). Vegetation, on the other hand, includes both
man-made and natural vegetation — in fact, anywhere covered with green vegetation, in
essence making it a LULC type. In urban centres, man-made, natural vegetation and

other land-use types have been found to exist (Robert et al., 2003).

LULC and vegetation cover, broadly categorised, represent either natural or artificial
habitats of the anopheles mosquito. They depict microclimate conditions characterised
with favourable temperature and humidity. These conditions make them preferred sites
for anopheles mosquito resting, breeding and shelter, which has the potential to harbour
and influence the behaviour of the mosquitoes (Pavlovsky, 1966; Clements, 1999;
Matthys et al., 2006a). The occurrence and distribution of these habitats are measured
by field sampling and/or remote sensing methods (Kitron, 1998; Jacob et al., 2005;
Okogun et al., 2005; Rongnoparut et al., 2005; Manh et al., 2011). While field sampling
methods are considered the first option in defining the presence of habitats, they can be
resource consuming (Stefani et al., 2013). Recent developments in landscape approach
use remote sensing and Geographical Information Systems (GIS) as a less resource-

intensive method to capture these habitats.

The presence of LULC as applied in malaria risk studies has been mapped from a
number of remote sensing imageries. The most common are: aerial photographs
(Mushinzimana et al., 2006), Landsat (Masuoka et al., 2003; Mushinzimana et al.,
2006), lkonos (Masuoka et al., 2003; Mutuku et al., 2009; Krefis et al.,, 2011),
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QuickBird (Jacob et al., 2007; Machault et al., 2010), NOAA-AVHRR™ (Hay et al.,
1998b), MODIS™ (Texier et al., 2013) and Spot imageries (Machault et al., 2010). The
imageries listed all have their strengths and weaknesses. Ikonos, Spot and QuickBird
are commercial imageries and have a spatial resolution of 1m to 4m, 2.5m to 10m, and
0.61m respectively. These fine resolutions mean that surface features as small as 0.61m
can be captured with precision but with the Spot imagery, LULC features the size of
0.61m x 0.61m or less will be missed. Landsat, NOAA-AVHRR and MODIS are free

but have coarser spatial resolutions of 30m, 8km and 250m respectively.

The remote sensing imageries mentioned earlier have the advantage of a high spatial
resolution and can capture fine LULC and vegetation details in comparison to the others
but come at a high cost such that the free imageries are more frequently employed in
many malaria studies using LULC and vegetation as proxies for vector presence.

3.3.2.1 Land Use and Land Cover (LULC)

Land use and land cover (LULC) types are commonly derived from remote sensing
imageries using supervised classification methods such as maximum likelihood
(Masuoka et al., 2003; Brooker et al., 2004; Krefis et al., 2011) or unsupervised
classification, like the Iterative Self Organizing Data Analysis Technique (ISODATA)
(Thomson et al., 1999; Jacob et al., 2007). In supervised classification methods, each
image pixel is allocated to pre-defined class categories by means of training datasets
(Hay et al., 1998a). The method requires pre-knowledge of the study terrain and pre-
specified class categories. Unsupervised classification assumes no prior knowledge of
the study terrain and classification categories. It examines a large number of unknown
pixels and divides them into classes based on the natural grouping present in the image

values without using specified training data (Lillesand et al., 2004).

By their very nature, certain LULC types exhibit features favourable for anopheles
breeding; for example, five LULC types have been identified to be related to larval
breeding. In order of decreasing strength of association they are: agricultural lands,
swamps, water bodies, grasslands and shrubs (Masuoka et al., 2003; Sithiprasasna et al.,
2005; Mutuku et al., 2009). A number of studies have examined the relationship
between malaria incidence and proximity to these defined LULC classes in both urban

and rural locations. These relationships have been consistently significant. Githinji et

19 AVHRR-NOAA: Advanced Very High Resolution Radiometer — National Oceanic and Atmospheric Administration.
1 MODIS: Moderate Resolution Imaging Spectro radiometer.
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al.’s (2009) study in a rural area, and Peterson et al.’s (2009) study in an urban location,
reveal the importance of these vector-based habitat variables in predicting the
occurrence of disease. As put forward by Krefis et al. (2011), what this means is that
households in close proximity to these LULC types are at higher risk of malaria through

higher probability of human contact with anopheles mosquitoes.

Agricultural lands have featured prominently as an important factor in the proliferation
of the disease in urban areas, owing to rural-urban migration and the need to maintain a
source of livelihood within this region. According to Baumgartner and Belevi (2001)
and Yadouléton et al. (2010), this causes an abundance of vectors and focal malaria
transmission in places in close proximity to agricultural sites. Mushinzimana et al.’s
(2006) study disproves part of the relationship between the LULC as vector habitats
identified earlier and malaria. In the study, a negative relationship exists between
rivers/streams and forest land cover, and anopheles breeding habitats with possible
implications for level of malaria incidence. The explanation for this is likely that the
anopheles species prevalent in this study location do not favour such habitat types.
Another reason may be the suitability of the LULC classification method adopted such
that it misclassifies LULC classes. Another approach is the application of vegetation
indices, which is reported by Jacob et al. (2007) and Machault et al. (2010) to be more
effective in discriminating agricultural fields, irrigated lands and vegetation surfaces as
well as capturing climatic influences. Agricultural land, as an important LULC type in

urban locations, will be discussed in a separate section.

3.3.2.2 Vegetation

Several studies have shown that vegetation cover can be used to estimate anopheles
densities, distribution and transmission risk (Gaudart et al., 2009; Machault et al.,
2010). Indices such as Soil Adjusted Vegetation Index (SAVI), Atmospheric Resistance
Vegetation Index (ARVI) and Normalised Difference Vegetation Index (NDVI) have
been used. NDVI, as the most frequently used, will be the focus of this review.

NDVI is a spectral vegetation index (SVI) used for mapping. This is through its
guantification of green leaf vegetation coverage that is centred on the absorption and
reflection of light from a vegetated surface in the red and infrared bands, respectively,
of a remote sensing imagery (Campbell, 2006). NDVI is based on the premise that
healthy and active vegetation will reflect more light in the infrared band than it will
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absorb in the red band. It is derived by applying this formula in Equation 1 below to the

red and near infrared bands of a remote sensing imagery.

nDvI = NIR=Red oo mnbell (2006)

NIR + Red
NIR: Near Infrared

Equation 1: Formula for NDVI derivation

Healthy vegetation is not only a sign of disease absence, but also of favourable climatic
conditions that promote healthy growth and photosynthesis. NDVI values indicate these
characteristics and translate them from vegetation characterised by temperature and
humidity conditions favourable for anopheles growth and longevity. What this also
means is that while NDVI measures vegetation and other surface cover, it also acts as a
surrogate measure of climate and represents the ecological characteristics of vector
habitats. As Machault et al. (2010) state, NDVI is an index that captures the combined
effects of temperature, humidity, rainfall, sunlight, altitude, land use and land cover in
one value. In Hay et al.’s (1998b) study, NDVI has a positive relationship with the
season, and further to this, it has been applied successfully by Eisele et al. (2003) and
Gemperli et al. (2006) as a surrogate measure of moisture level and climatic indices.
Thus, it is a useful measure to represent vegetation and land-cover types as well as

climate in locations with limited meteorological stations.

NDVI has been used as a direct predictor of anopheles characteristics and malaria risks
across broad spatial scales, but less often in urban locations, owing to the limited
availability of high-resolution remote sensing images to capture the heterogeneous
urban features at such spatial scales (Machault et al., 2010). Its impact on malaria risks

is also an area of limited study.

According to Patz (1998), the relationship between NDVI derived from NOAA-
AVHRR imagery and the anopheles vector human biting rate is a positive one, and even
when related to malaria risks and its seasons in a paediatric population in Hay et al.’s
(1998b) study, the results remain consistent. However, this is not so in Shililu ez al.’s
(2003) and Dambach er al.’s (2012) recent studies attempting to predict anopheles
arabiensis density with NDVI which report no significant impact. These inconsistencies
arise for a number of reasons. As discussed earlier, NDVI is a surrogate measure of

climate and also used to identify and map types of vector habitats. Hay ez al.’s (1998b)
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study applied NDVI as a measure of climate, which has an established significant
relationship with malaria incidence. On the other hand, Patz (1998) relates NDVI to an
evidence of human-vector contact which can be translated to the transmission of
disease. However, Shililu et al.’s (2003) and Dambach et al.’s (2012) studies firstly
translated NDVI into only broad habitat classes of vegetated and non-vegetated
surfaces, omitting water bodies, which are a preferred habitat for anopheles arabiensis,
which is the focus of their studies. In so doing they left out the anopheles arabiensis
preferred habitats. Thus, the inconsistency reported when we compare Hay et al.
(1998b), Shililu et al. (2003) and Dambach et al. (2012) studies.

NDVI applications in urban areas have many advantages. At such a fine scale, having
an adequate distribution of meteorological stations to characterise microclimate
condition is rare. NDVI can thus capture spatio-temporal climatic conditions at this
scale that can be used to characterise the environmental features of people’s activity
spaces. It is also useful as a vegetation mapping device to decipher land-use classes and
urban household densities (Eisele et al., 2003). As a mapping tool, the NDVI values
between -1 and +1 can be reclassified into land-use and land-cover types using the
classification guide developed by the United States Geological Survey (USGS).
According to USGS (2011), NDVI values of 0.1 and less represent water, bare surfaces,
snow, ice; 0.2 to 0.5: sparse vegetation and 0.6 to 1: dense vegetation. Thus, when
applied in urban areas, it serves a dual purpose: to map land use and land cover (LULC)
and vegetation classes, as well as being a surrogate measure to capture finer-scale

climatic conditions.

Most studies have examined this surrogate of climate, vegetation and earth cover
characteristics more in relation to the vector density and abundance than to the disease.
Eisele et al.’s (2003) and Machault ef al.’s (2010) studies in urban areas revealed a
positive significant relationship with anopheles density and aggressiveness and NDVI.
In addition, lower NDVI values were significantly related with increased household
densities (Eisele et al., 2003) and thus a lower risk of malaria infection and vice versa.
Across the literature we note that an NDVI baseline value of 0.35 has been established
above which an increase in malaria infection is recorded (Hay et al., 1998b; Texier et
al., 2013). In fact Hay ez al. ’s (1998b) recorded a 5% increase in total annual paediatric
cases with higher NDVI values associated with the rainy season. This is because of

NDVTI’s association with higher moisture content that produce more habitats, thus
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greater abundance of vectors and with higher probability of higher biting rates and thus

malaria cases.

Despite its advantages, the NDVI measure is hardly exploited for malaria studies in
urban areas, despite its confirmed significance and advantage in capturing climatic
conditions, vegetation and land use at such fine scale (Machault et al., 2010). Most
studies as discussed earlier have applied it to anopheles presence without extending it to

the disease.

This research will employ NDV1 as a measure for multiple variables such as vegetation
and land-cover types, and a proxy measure for climate to characterise vector presence

and how it relates to the occurrence of malaria.

3.3.3 Topography

Topography is characterised commonly by elevation, aspect, slope and curvature
characteristics of the earth’s surface. It is one of the environmental elements that
determine distribution of anopheles habitats, its population dynamics, and often malaria
risk patterns. According to Nmor et al. (2013) it has the fundamental importance of
controlling surface water flow and pooling. Just like climate, it is consistently reported
to have a relationship with the disease risk and transmission patterns in areas with
predominantly diverse topographic features such as East Africa (Balls et al., 2004; Zhou
et al., 2005; Cohen et al., 2008). This is because of the way climatic factors vary with
elevation, and of course with a previously established relationship between climate and
malaria, topographic factors such as elevation will portray an indirect yet significant
relationship with the disease. Higher elevations are associated with lower temperatures,
lower rainfall and in turn lower relative humidity, and thus poor environmental
conditions that cannot sustain anopheles longevity and parasite development. Elevation
and slope have direct effects on surface water flow, since water flows from high to low
elevations. Flat slopes and valley like land shapes, on the other hand, accumulate water,
encourage vegetation and attract anopheles breeding. When humans inhabit these
regions with topographic characteristics favourable for anopheles breeding, there is a

higher probability of increased human—vector contact and malaria infection in turn.

In regions with differing topographic characteristics, populations can also have differing
immunities, such that microclimate that occur in the locations with diverse topographic

features influence anopheles breeding. These populations inhabiting these areas are
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susceptible to unstable malaria transmission - epidemic attacks unlike in areas with

more uniform topography where populations are uniformly exposed.

Studies examining the relationship between topographic characteristics and
malaria/mosquitoes have derived elevation from topographic maps (Balls et al., 2004;
Cohen et al., 2010); the 90m x 90m spatial resolution global coverage of Shuttle Radar
Topographic Mission (SRTM) digital elevation model (DEM) (Nmor et al., 2013); the
30m x 30m Advanced Space-borne Thermal Emission Reflection radiometer (ASTER)
Global DEM (Nmor et al., 2013); or during GPS mapping surveys alongside aspect,

slope, land curvature, topographic wetness and topographic position indices.

Amongst these topographic characteristics, elevation has appeared often as a governing
factor in the regionalisation of the disease, particularly in East Africa, which is
characterised by high elevational ranges (Omumbo et al., 2005), as well as studies
conducted outside East Africa at broad national scales where changes in elevation are
obvious. The impacts of elevation alongside other topographic characteristics form the

main points to be discussed in the subsequent sections.

3.3.3.1 Elevation

Elevation describes altitudinal heights which have consequences for the downward flow
of water, drawn by gravity, collecting in areas of lower elevation such as valleys and
flatlands (Moore et al., 1993; Nmor et al., 2013).

A number of studies in urban or rural areas, such as those of Balls et al. (2004), Ernst et
al. (2006) and Zhou et al. (2007), have consistently shown that normally a significant
inverse relationship exists between elevation, anopheles presence and malaria
transmission, even though this is not always linear. Across the literature, what has been

inconsistent is at what height of elevation malaria transmission stops.

Zhou et al. (2007), in a multivariate analysis with other environmental variables,
investigated the relationship between elevation and abundance of larval habitats as well
as adult anopheles. Zhou et al. (2007) report a significant and inverse relationship
between elevation and anopheles density and abundance of habitat, which ceased above
an elevation of 1470m. Similarly, Balls et al. (2004) found an inverse relationship
between elevation at every 50m and parasite infection in children, from as low as 300m
up to 1650m. Other evidence from Lindsay and Martens (1998) suggest cut offs for

disease transmission at 1500m for the highlands of Africa and 1800m for the Congo
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basin (Snow and Gilles, 2002). However, studies by Ernst et al. (2006) contend that at
local scales malaria transmission can occur at any elevation, even above 1900m, and
under such circumstances change in elevation becomes more important than elevation
itself. These studies have revealed the potential impact elevation has on malaria in
highland areas, ranging from as low as 300m up to over 1900m and at broad spatial

scales in both urban and rural locations, as suggested by Drakeley et al. (2005).

In lowland areas or at small spatial scales, there is less experience of the impact of
elevation on malaria transmission, owing to the almost flat land surface that exposes
populations equally. A study by Myers et al. (2009) in small-sized villages in Papua
New Guinea examined the impact of elevation in lowland settings where elevation
ranges between 67m and 132m. Findings revealed a non-significant relationship
between malaria risk and elevation but a significant relationship for every 10m change
in elevation. On the other hand, Dambach et al.’s (2012) study in a peri-urban region,
with elevations between 200m and 295m, recorded a significant increase in the number
of anopheles ponds with 100m change in elevation. It can be argued that even though
the presence of breeding sites and malaria transmission may decrease with increased
elevation, at small scales and in lowland areas, the impact of elevation is minimal and
inconsistent. The suggestions put forward by Cohen et al. (2008) are directed towards
the considering alternative topographically derived features, such as slope and

curvature, to assess malaria transmission patterns at small spatial scales.

Though elevation has appeared more frequently in assessing the relation between
topography and malaria transmission, other characteristics such as aspect, curvature,
topographic wetness and slope have also been considered, particularly in studies at

small spatial scales.

3.3.3.2 Slope

Slope is a measure of change in elevation over a certain distance and has been described
by Warren et al. (2004) to have a strong influence on overland subsurface flow velocity
and accumulation of water. The relationship between slope and malaria across the
literature has been reportedly inconsistent. Cohen et al. (2010) findings suggest the
correlation between slope and malaria is a highly significant one because of the way it
influences water flow and water accumulation such that steep slopes have a lower
tendency to retain water ponds for anopheles breeding. Similarly, Nmor et al. (2013)

report a significant negative relationship between slope and larval habitat availability in
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both univariate and multivariate analysis study. However, Balls et al.’s (2004) study, on
the other hand, reveals a lack of association between steepness and the presence of the
malaria parasite in humans. In contrast, Zeilhofer et al. (2007) argue that anopheles
mosquitoes make their habitats in shallow slopes that allow water accumulation such
that their larval population are undisturbed by flow velocity, and as such should lead to
high anopheles densities and, in turn, malaria. It can be argued that anopheles are
attracted to where humans live, but humans are unlikely to inhabit steep areas in
highland regions, but rather prefer shallow slopes which coincide with vector habitats
and, in turn, increase vector-human contact, which will likely translate to disease.
Without disagreeing with the impact of slope on vector abundance and disease, Balls et
al. (2004) suggest, though, that such a measure will be more appropriately applied at
small spatial scales or in lowland rather than highland areas where elevation is not a
limiting factor. While these are plausible explanations, we should not forget that
humans can create buffers such as the use of ITN, so that the increased presence of

anopheles mosquitoes does not automatically translate to the occurrence of malaria.

3.3.3.3 Aspect

Aspect of a land surface, as defined by Nmor et al. (2013), is the orientation that the
slope faces such that it determines the amount of sunlight a site receives, which,
according to Chaves and Koenraadt (2010), has consequences for mosquito larval
survival. Studies that have applied aspect in predicting anopheles distribution or malaria
transmission risks have presented inconsistent results. Moss et al. (2011) report the lack
of significance between the topographic aspect and malaria in a household survey in
Zambia. Similarly, when related to prediction of anopheles habitat, Nmor et al.’s (2013)
findings also exhibit a non-significant relationship, using the 90m resolution SRTM
DEM data and a significant relationship using the 30m ASTER Global DEM. These
inconsistent relationships are explained by Clennon et al.’s (2010) demonstration on the
quality of data used to derive aspect and its predictive abilities. While aspect derived
from the 90m resolution SRTM DEM data portrayed a significant relationship with the
presence of water as an anopheles habitat, aspect derived from the 30m ASTER Global
DEM did not present any significant relationship with the presence of water. Empirical
evidence suggests that the true spatial resolution of the ASTER Global DEM is poorer
than 30m and the DEM has serious artefacts that have an erroneous effect on any

topographic measure derived from it.

50



3.3.3.4 Topographic Wetness Index

The Topographic Wetness Index (TWI), according to Cohen et al. (2010), is an
indicator of potential moisture, i.e. an estimate of predicted water accumulation in a
defined area, assuming there is surface homogeneity of soil and vegetation. The TWI is
an appealing measure because it represents a simple, biologically meaningful
description of how topographic characteristics, like slope and surface curvature, may
affect malaria risk via suitability for mosquito breeding. TWI1 is increasingly applied in
malaria risk or anopheles mosquito densities relationship studies that are subsequently

discussed.

In Nmor et al.’s (2013) study in a highland area to predict anopheles habitats, a positive
and significant relationship was exhibited between TWI and abundance of larvae natural
habitats in both univariate and multivariate analysis. Likewise, Cohen et al. (2008)
argues that at small spatial scales in highland areas, TWI predicts the presence of human
malaria parasite better than other environmental variables. Balls et al. (2004) suggest
that this index of flow accumulation is only significant when applied side by side with
other topographic indices such as elevation. It can be argued that though TWI is an
important variable at small spatial scales, such as urban areas, but is only effective when

elevation is prevailing as well as where surface cover is homogenous.

3.3.3.5 Topographic Position Index

The Topographic Position Index (TPI), according to Moss et al. (2011), classifies the
landscape by slope position and landform type (plain, valley, ridge), and represents the
difference between the elevation at a point and the elevations of neighbourhood cells.
TPI values range from ~ -1 to ~ +1 where negative values indicate valley floors and
positive values signify hilltops and ridges (Clennon et al., 2010), while values near zero
are typical of flat or mid-slope locations. These biophysical attributes are key predictors
of habitat suitability, community composition and species distribution and abundance as
they correlate conspicuously with many landscape’s physical and biological processes.
A number of studies have examined TPI in relation to malaria or anopheles
characteristics (Clennon et al., 2010; Moss et al., 2011; Nmor et al., 2013). In all these
studies TPI has consistently and significantly been related to the vector presence, the
disease or the prediction of its habitat. While a prominent variable, Nmor et al. (2013)
argue that TWI is principally more relevant in diverse highland terrain with topographic

conditions characterised by hilltops, valley floors, exposed ridges, flat plains, upper or
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lower slopes, and as such not widely applicable to many urban areas like my study

location.

3.3.3.6 Curvature

Curvature is the second derivative of elevation and is a measure of rate of change of a
slope per unit distance which may affect the stability of the aquatic habitat. According
to Mushinzimana et al. (2006), it measures the convexity or concavity of the land
surface and is an indicator for the possible accumulation of water. It represents the

amount by which landscape topography deviates from being flat or straight.

The impact of curvature has been studied more in relation to the anopheles than to the
disease. Mushinzimana et al. (2006) and Nmor et al. (2013) findings report a negative
significant relationship while using curvature to predict the presence of larval aquatic
habitat. On the other hand, Balls et al. (2004) did not find any significant relationship
between curvature and human malaria. From the evidence accrued, it can be argued that
curvature is a plausible predictor of the presence of water-based larval habitats, but
while predicting malaria, behavioural and confounding factors may produce a non-

significant relationship with the disease itself.

Summary evidence from the literature has demonstrated the ability of various simple to
complex topographic derivatives to predict the presence of larval habitats as well as the
transmission patterns of malaria over spatial scales and landscape features. Out of all the
commonly applied variables, elevation has been most consistent in its relationship.
However, in lowland areas or at small spatial scales such as urban areas, a multiple of
variables apply, owing to heterogeneous surface characteristics as explained earlier for
example soil and vegetation types. In respect of this, Cohen (2008, 2010) argues that a
topographic variable derived from multiple topographic characteristics gives a better
prediction because, apart from considering elevation, it considers the shape of the earth
and landform variability. Cohen (2008) recommends alternative variables where
elevation differences between households are minimal but local variability in landform

IS experienced.

This thesis will examine two important topographic variables (elevation and slope) in

relation to the disease risk in Lagos state, as examined and found to be relevant by

Drakeley et al. (2005) and Myers et al. (2009) in urban and lowland settings

respectively. Other topographic variables such as TWI, TPI, aspect and curvature,

though found important in the literature reviewed, are not applicable in areas
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characterised by multiple land-use types and lacking diverse topographic features.
Through this study, my research will contribute to knowledge on the influence of this
geographic feature in disease risk in heterogeneous lowland urban areas.

3.4 Built Environment

The built environment consists of that part of the habitat manipulated by humans for
their daily activities and goals, including living, working and social events, which can
have a consequence for health. According to Roof and Oleru (2008) and Meade and
Emch (2010), what we modify extends from building types, housing patterns and
household environments, settlement types, working environments that include
agriculture types and availability and accessibility to health services as well as social

spaces for human wellbeing.

3.4.1 Agriculture

In urban areas, there is an increasing promulgation of agricultural practices consisting of
irrigated and non-irrigated single/mixed farming activities and animal husbandry
(Baumgartner and Belevi, 2001). According to Fournet et al. (2010) the last decade has
seen these brought into urban areas of Sub-Saharan Africa by rural migrants
maintaining their practices and livelihoods; community initiatives set up to curb
unemployment making its residents expand agriculture across city centres into the
peripheral belts. While this combats malnutrition and increases food security for the
urban poor, it creates optimal vector breeding conditions and increased malaria risk,

which many urban governments do not recognise (Baumgartner and Belevi, 2001).

Agriculture is one of the LULC types reported by a number of authors to have the
strongest positive association with malaria intensity over other types of LULC in urban
areas (Afrane et al., 2004; Klinkenberg et al., 2005). In particular, irrigated farmlands
such as rice paddies, vegetable and maize farms are typical environments that are
known to encourage vector breeding and resting in both the wet and the dry season
(Klinkenberg et al., 2005; Matthys et al., 2006a). Through these activities, trenches are
created for the formation of shallow water to irrigate seed beds and, in one study in
Abidjan, Cote d’Ivoire, over half of the trenches were breeding sites for anopheles

larvae (Matthys et al., 2010). Other agricultural breeding sites in urban areas include
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irrigation wells, non-cemented wells, fadamas®?, ditches for furrow systems and human
footprints (Dongus et al., 2009; Machault et al., 2009; Machault et al., 2010).

Apart from farming practices, animal husbandry can also present situations where the
anopheles mosquito becomes either animal or human blood-dependent (Keating et al.,
2005; Deressa et al., 2007; Peters, 2010). In this respect, Peters (2010) states that at
such a scale, for animal husbandry activities, the greater the number of animals present
in an area then the more alternative blood sources available for the anopheles and, in

turn, the lower the incidence of malaria in humans.

The abundance of these agricultural-type habitats is often translated to increased
abundance of the vector and, in turn, the disease. As such, households living in close
proximity to agricultural lands are likely to be faced with increased malaria intensity.
Numerous studies have established a relational link between proximity to urban
agriculture (farming practices) and malaria. Findings have been consistent. Afrane et al.
(2004) and Yadouléton et al. (2010) household scale approach and Klinkenberg et al.
(2005) paediatric study examined the relationship between malaria parasite presence
and proximity to irrigated land and vegetable farming in an urban location, and the key
findings shows this was significantly associated with increased malaria risks in
households. The consistency of results suggests that proximity to urban agricultural

sites increases risks to malaria in households.

3.4.2 Housing Characteristics

“Housing” is that part of the built environment whose characteristics reflects our
cultural, social, age and economic lifestyles. It is such places that Sargent and Johnson
(1996); Gatrell and Elliott (2009) and Meade and Emch (2010) describe as a
manifestation of human’s overall behaviour such that they have a locational and socially
constructed meanings for us. Across the literature | note that there is no gold-standard

measure of housing characteristics.

A range of housing characteristics have represented a socio-economic indicator, or a
risk variable through the way they can influence entry into houses by mosquitoes or
sustain them indoors. Indoors housing design and types of structures determine
microclimate conditions that cause change in room temperature and humidity, thereby

influencing indoor conditions for anopheles to remain, and in fact to breed. Commonly

12 Hausa name for low lying plains underlain by shallow aquifers found along major river systems.
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studied housing characteristics in malaria risk literature can be grouped into: those
associated with the physical structure of the building, those associated with the building
environment, here called homestead, and those pertaining to the inhabitants of buildings

and homesteads such as humans and animals.

Housing characteristics associated with the building include house type, design, roof,
wall and window materials, presence/condition of window and door, mosquito screens,
eaves, electricity and building materials (Ghebreyesus et al., 2000; Wang et al., 2006a;
Yé et al., 2006; Yamamoto et al., 2010). Homestead characteristics are presence of
animals/livestock, vegetation cover including farms/gardens, water presence, taps, wells
and refuse dumps (Adeleke et al., 2008; Yamamoto et al., 2009; Peters, 2010). Others
include household size, room density and location of sleeping rooms (Clark et al., 2008;
Siri et al., 2010). What matters in different locations have varied and in all, their
importance for malaria are inconsistent. What Lindsay et al.’s (2002), Kirby et al.’s
(2008) and Peterson et al.’s (2009) studies discussed further on tell us primarily to note
are those characteristics that encourage vector entry and sustain their presence in house
which have more to do with household’s preventative behaviour than socio-economic

status.

In Yé et al. (2006) and Yamamoto et al. (2010) examined the impact of iron roofs on
malaria in peri-urban populations both in Burkina Faso and they did not find any
significant influence arising from the use of this roof type. Though Yé et al. (2006)
argue that iron roofs create indoor climate conditions, i.e. higher temperatures, which
are not conducive for anopheles survival which is a plausible explanation, a further look
into the study population characteristics reveals that the power size for the analysis may

have consequences for the generalisation of the findings.

Holes in the wall, eaves, the presence of windows and doors, and the use of window and
door screens have been related to malaria and findings are inconsistent. While
Ghebreyesus et al. (2000) note higher risks with the use of windows, Deressa et al.
(2007) did not find any statistically significant relation with holes in the wall as well as
Peterson et al.’s (2009) with use of window screens but Lindsay et al. (2002) and Kirby
et al. (2008) confirm and demonstrate increased vector entry and density with open
eaves and lack of mosquito screens. Whether these characteristics are important in all
urban areas is a matter of study context, as these can be imperatively economically

driven variables, even though Lindsay et al. (2002) and Peterson et al. (2009)
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emphasise their partial contribution from behaviour. Lindsay et al. (2002) findings note
in their experimental study that well-built houses of the affluent, but built without
screens, were more subject to vector entry, and a 12% increase in malaria rates with
humans living in them, than less well built houses of poorer people using screens. What
this means is that an opportunity or source of mosquito house entry is an important
housing variable but its measure will be driven by that which is most important and
represents the diversity of the study context.

As urban locations are generally classed as more affluent (Mugisha et al., 2002; Robert
et al., 2003), households there, above all, are likely to afford better houses to protect
from a number of factors (security, hazards, disease including malaria), built with good-
quality materials, walls, have windows, doors, screens, and closed eaves. This can make
discrimination of housing characteristics in urban locations using these variables
difficult, with consequences for the power of the analysis (Peterson et al., 2009). Most
studies often have concentrated on their presence and less on their condition. This study
will focus on conditions of housing characteristics that are important for urban

locations.

Interestingly, Yamamoto et al.’s (2010) study in a paediatric population in semi-urban
Burkina Faso found electricity use to be associated with increased malaria risk, as the
alternative of biomass fuel burning produces smoke that is thought to deter mosquitoes’
entry into houses; possibly, electricity use in better-quality housing would presumably
not show this trend. While this study has noted the influence of electricity in an urban
location, its applicability will be a matter of local context.

According to Trape et al. (1992), spreading an anopheles population over a denser
human population tends to reduce the degree of exposure of each person to malaria
infection. In univariate settings, findings from Ernst et al.’ (2006) multitemporal study,
Siri et al. (2010) and Messina et al. (2011) in this respect show that a positive and
statistically significant relationship exists between household size and malaria risk. In a
multivariate assessment, Siri et al. (2010) findings follow the same direction with the
univariate analysis results, but Ernst et al. (2006) (in most years studied) and Messina et
al. (2011) report a non-statistically significant status with almost no influence. When
assessed overall, | argue that this is an important variable associated with increasing

malaria risks, but it may become less important when other factors are integrated in a
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population-based study over studies that focus on severe cases of the disease in

vulnerable age groups, such as in Siri et al. (2010) study.

Ernst et al.’s (2009) and Ayele ef al.’s (2012) studies report that increased room density
iIs a deterrent for increased malaria intensity, leading to reduced biting rates of
anopheles per human in a room used for sleeping. However, Carter et al. (2000) and
Clark et al. (2008) dispute this, and suggest higher room density to be positively related
to a higher number of malaria cases in the general population. This infers that biting
rates are higher in rooms with higher numbers of people; hence, there is some
inconsistency regarding room density and malaria risks. In this regard, Dietz et al.
(1974) and Lacroix et al. (2005) demonstrated the increased attractiveness of
mosquitoes to humans carrying the parasite, without thereby substantiating Ayele et
al.’s (2012) findings and study settings, where more people carried the parasite in
shared rooms. However when the attraction extends to other rooms, the anopheles may
prefer to travel further to seek food, rather than dwelling amongst humans. Even though
Clark et al.’s (2008) randomised control trial study is considered a more reliable study
design, Carter et al.’s (2000) and Clark et al.’s (2008) studies have both converted
continuous data into ordinal ranked classes of room density; as a result, they lose
information, which may affect the study results. When related to Trape et al.’s (1992)
demonstrative study, this evidence points to decreasing influence of the variable.

However, more experimental studies are needed to confirm this.

3.4.3 Homestead Characteristics

“Homestead” is defined as a building and its area of land with other outbuildings in
African rural settings, including livestock sheds, drainage, water points (Oxford English
Dictionary). As this description fits many African urban settings, | use it here to

describe housing environments which humans interact with in a number of ways.

In urban areas, they cultivate gardens/farmlands within their homestead or as an
external plot in poorer households; they partake in animal husbandry and keep domestic
pets such as dogs and cats within their homesteads; in more affluent areas, they
beautiful their surroundings with flowers and the presence of such vegetation can, for
example, create a microclimate condition that typify adequate settling and breeding
places for anopheles mosquitoes (de Zeeuw, 2004; Chaves and Koenraadt, 2010). For
water supply, households may have external water sources such as wells, or taps and

boreholes shared with neighbours; where water shortages occur or the water supply is
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irregular, they store water either in open or closed containers. As part of daily human
activities, people produce and dispose of waste and refuse, more often than not openly,
or in open drains within their homestead environs. Depending on household’s socio-
economic status, households with shared sanitary facilities situate them outside the
buildings for easy shared access. When humans engage with their environment in these
ways, there are opportunities to create or prevent focal habitats for anopheles
mosquitoes with consequences for the disease.

Numerous studies have examined the relationship between malaria and the features that
characterise homesteads as described earlier, such as the presence of wells, gardens,
farms, livestock and domestic animals, water storage containers, open drains, stagnant
water, refuse and waste water disposal points. While some associations have been
significant, others have produced inconsistent results. The findings are discussed

subsequently.

Ye et al. (2008) report a positive relationship between forms of vegetation (farmland,
gardens, flowers, and grasses) in households’ living environments and malaria infection
in a paediatric population situated in Nouna, a peri-urban area in Burkina Faso. Githinji
et al.’s (2009) and Peterson et al. (2009) findings are similar in this respect. Githinji et
al.’s (2009) however state the moderating impact of the presence of livestock feeding on
them with consequences for the reduced abundance of vegetation. In this regard,
Peterson et al. (2009) argue that irrespective of the abundance of vegetation within
homesteads, what are most important, are the outdoor and preventative behaviours
employed by households.

Keeping domestic animals in homesteads has promoted differing malaria infection
states in populations because of the zoophilic feeding tendencies displayed by the
anopheles mosquito species under certain conditions (Yamamoto et al., 2009; Peters,
2010). Yamamoto et al. (2009) and Temu et al. (2012) found a significant positive
relationship between the presence of livestock types (donkeys, pigs and rabbit) and
malaria infection but not with others (poultry, cattle, sheep and goats). On the other
hand, Peters (2010) reported a significant negative relationship between malaria
transmission and keeping cattle in India as well as Kibret et al. (2010) who uses a
household scale approach and the presence of a range of bovines, ovines and equines
(cattle, sheep; goats, ram, horse and donkeys) though findings from Kibret et al. (2010)

study is not statistically significant. These findings are inconclusive and may be
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attributed to the risk variable been highly influenced by behavioural attributes
interacting with the built environment. In this case, Peterson et al. (2009), Kibret et al.
(2010) and Peters (2010)® offer some explanation. First, livestock may live in separate
enclosures even though they are still within the homestead; second the proximity of the
livestock to humans; third, the presence of alternative blood sources which are greater in
number, and lastly the type of livestock which results in differing malaria metric indices

in humans.

The presence of water in many forms is an important habitat for anopheles because it
sustains their breeding and longevity (Adeleke et al., 2008). Thus the condition of the
homestead with respect to collected and standing water, such as running taps, wells,
puddles of water, moist garbage sites, domestic containers, and drains as habitats for the
anopheles, can become risk factors for malaria in humans (Okogun et al., 2003; Adeleke
et al., 2008; Olayemi et al., 2011). Consistently, their presence has had consequences
for increased malaria risks, as shown in studies by Yamamoto et al. (2010) and Ayele et
al. (2012). However, Peterson et al. (2009) found that taps in closer proximity to
households decreased malaria risks. Peterson et al. (2009) finding is at variance.
Though not explicitly stated, it can be explained that in Peterson et al. (2009) study, the
presence of a running tap in the homestead is likely to be an indicator of socio-
economic status rather than a direct risk factor. This is an important factor for urban
location because where dilapidation of infrastructure that includes broken pipes and

irregular water supply occur, it creates temporary habitats.

Another study by Ghebreyesus et al. (2000) reports a non-significant relationship
between the presence of a well in a homestead and increased risk of malaria, Srivastava
et al. (2001) study argues that wells only become significant by season i.e when they are
disused in the dry season it then has the opportunity to harbour mosquitoes which will
then translate to increased biting rates and possibly malaria in that season alone and not
in the wet season when the well is in use. While the impact of the variable is
inconclusive, Adeleke et al. (2008) entomological study report wells as efficient

breeding habitats for anopheles mosquitoes in urban areas.

3.4.4  Access to Health Services
Two types of access to health services have been noted across the geography of malaria

literature and Nigeria: social access concerning monetary affordability and

13 Peters (2010) study is discussed further under ethnicity, religion and culture subsection.
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relationships, and physical access relating to distance/proximity and ease of travel to a
health care facility (Egunjiobi, 1983; Baume et al., 2000; Mugisha et al., 2002; Noor et
al., 2006). In all, what I note is that they are variables associated with progress from
mild malaria to severe malaria or that may lead to consequences such as mortality or
disability (Baume et al., 2000; Saeed and Ahmed, 2003b). While these are important,
they are beyond the scope of this research, which focuses on mild malaria and thus are

not discussed further.

The significance of agricultural lands in increasing malaria transmission risks in urban
areas has been established from the earlier studies as an important variable to be
considered in understanding the ecology of urban malaria. This is also true for housing
and homesteads, but what constitutes these characteristics is determined by the locality
of the study. This thesis will therefore translate the importance of these range of
variables and examine their relevance to malaria infection in a large urban centre of
Lagos, as carried out similarly in smaller urban locations by Afrane et al. (2004),
Klinkenberg et al. (2005), Ye et al. (2008), Peterson et al. (2009) and Alemu et al.
(2011), and through this, construct meanings for geometric space and human

importance of place.

3.5  Socio-cultural Environment (Behaviour)

Behaviour, as described earlier, is a manifestation of multiple elements: education,
culture, religion, knowledge, socio-economic status, migration, ethnicity, and
occupation associated with the socio-cultural environment and interact with physical
and built environment in ways that promote or discourage vector-human contact. In
malaria literature, variables such as ethnicity, occupation or education are often used as
a proxy measure of socio-economic status instead of income or wealth. In this review, |

attempt to separate them as individual variables even though there are often overlaps.

3.5.1 Ethnicity, Religion and Culture

Ethnicity, religion and cultural practice combine to often influence the way in which
people interact with the environment. Brown et al. (1996) describe culture as a primary
mechanism for human survival and this manifests itself in behaviours influenced by the
belief mechanism. They can cause humans to interact with the landscapes such that this
creates knowledge that is made manifest in settlement and agricultural patterns as well
as protective behaviours. Phillips et al. (2009) and Peters (2010) propose that ethnicity,

religion and culture are important factors in the spatial and social patterning of the
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malaria. Across the literature, studies have examined practices stemming from them,
historical immunities developed/possessed and the fact that certain ethnic or religious
groups are more affluent than others. Other studies have examined ethnic groups
without stating aspects being considered. The studies have directly or indirectly
examined these relationships using both qualitative and quantitative methods. This

review focuses on direct relationship studies and the key findings are discussed.

Panvisavas’s (2001) mixed methods study examined behaviours deriving from different
ethnic groups in the choice of where to live and their livelihoods and its consequences
for malaria risks on the Thai—Myanmar border. The findings showed that there are
differences in the malaria risks amongst ethnic communities and class lines centred on a
lifestyle and compromised by poverty. Non Thais ethnic group prefer to live in forests,
a simple agrarian lifestyle that could not fit into the town and are poorer while the Thais
ethnic group prefer to live in the towns and are more affluent. Forests are a major
breeding ground for mosquitoes and the non-Thai’s live in their close proximity in
addition to the fact their residences are not officially registered due to its in accessible
location in the forests put them at greater risk of malaria (568 per 1000 persons) over
the Thais (204.7 per 1000 persons) who live in registered houses in town that are away
from forests and their place of residence additionally gives them access to malaria
intervention schemes. Findings from Thang et al. (2008) quantitative study in peri-
urban Vietnam are similar. Ethnicity was an important variable for higher malaria risks
with the forest way of life of the Ra-glai ethnic group that compromises for higher
malaria risks (15%) in the ethnic group over others (6%). This “location of residence”

attribute puts certain ethnic groups at greater risk of malaria over others.

Phillips et al. (2009) and Achidi et al. (2012) demonstrate the significant link between
ethnicity and malaria based on historical immunity and differences in susceptibility. In
the Phillips et al. (2009) study examined holiday makers to malaria endemic countries
of different ethnicities, ethnicity was defined as black (black African and black Afro-
Caribbean), Asian (from South Asia, specifically, India, Pakistan, Sri Lanka, and
Afghanistan), and white. The key findings showed that whites had the highest risk of
severe malaria while blacks had the lowest risk and this arose because the blacks have
had previous exposure and clinical attack from malaria and have developed some
historical immunity over the adults not coming from malaria-endemic countries thus

putting them at lower risks.
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Findings from other comparable studies by Modiano et al. (2001); Achidi et al. (2012)
and Tiono et al. (2013) found genetically significant protection from severe malaria in
Fulani ethnic groups but in Ye et al.’s (2008) study the Fulani ethnic group did not
present any significance. Similarly, Hustache et al. (2007) study identified
immunogenetic backgrounds and generational ethnic mixing in French Guiana as a
protection from malaria incidence over other ethnic groups. Ye et al.’s (2008) study
does not link ethnicity to any genetically related risk factor but rather examines its

incidence in the population without stating the dimensions of ethnicity being examined.

Peters (2010)’s study describes how religion, ethnicity and culture intertwine to
influence spatial patterning in disease risks. Peters (2010) suggests that the spatial
patterning of malaria arises from the way ethnic and religious practices determine
agricultural activities. In this study, the regions inhabited mainly by the Hindu Tamil
ethnic and religious group have an almost malaria-free zone owing to their religious
attachment to cows, which they consider to be holy and thus keep a large number of
them. These cows, even under suitable ecological characteristics that favour the
sustenance and development of vectors and parasites, have provided an alternative
blood source for the anopheles mosquitoes. Similarly, in the same study, areas inhabited
mainly by Muslim Moors have recorded the absolute minimum of malaria incidence
because they have a high proportion of Muslim inhabitants who raise goats in large
numbers. This, though, contradicts earlier discussion (see section on animal presence
under homestead characteristics) that present significant increased risks of malaria
where livestock are tethered within the homestead. According to Peters (2010)’s study,
it can be argued that while the Hindu Tamils and Muslim Moors take this as a religious
way of life such that they rear them in large numbers, in other studies like Peterson et
al. (2009) (as discussed earlier as animal presence under homestead characteristics),
animals and livestock are taken as a subsistence economic activity often practised by the
urban poor. One thing can be learned from this: numbers matter. Where animals are
present in greater numbers than humans, there is the likelihood for mosquitoes to
manifest their zoophilic tendencies, and vice versa with its impact being modulated by

the predominant mosquito specie type in that location (Service and Townson, 2002).

In summary, ethnicity, culture and religion have different dimensions which when
examined individually present a number of implications for malaria. Oresanya et al.

(2008) study in Nigeria though not examining malaria risks but rather uptake and use of
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insecticide treated nets (ITN) and religion found ITN usage was three times higher in
Christians than in Muslims which could translate to differing malaria risk from these
behaviours presented by the religious groups. In Okwa (2003) study in Lagos, Nigeria,
the percentage of infection was higher in Christian than Muslim pregnant women and
Christians still had higher percentage of non-infected persons but no explanation was
given to explain this pattern. There is a challenge in comparing these studies because of
multidimensionality of the risk variables and the fact that studies reviewed focuses on a
different dimension. However, as a first step, it is important to explore these risk factors
given the multicultural nature of Lagos state to pave a way for a better understanding of

its role.

3.5.2 Economic Status

Malaria is frequently referred to as a disease of the poor or a disease of poverty (Sachs
and Malaney, 2002). A perusal of the global regionalisation of the disease is sufficient
evidence of this claim, given the concentration of malaria in the world’s poorest
continents and countries. At other scales, this evidence may be inconsistent and more

may be needed to avoid ecological fallacy.

There are a number of measures representing economic status: income, expenditure and
asset ownership, and other correlated proxy measures like gender, urban/rural location,
education and occupation. Gender, according to Worrall et al. (2003) is sometimes used
as a proxy for SES reflecting the social and material disadvantage experienced by
women in many parts of the world. However gender is less commonly used in malaria
studies. Here we focus on those frequently occurring in the malaria literature where
their relationship with malaria is purely an economic one: income, expenditure and asset
ownership. Across these three, there are still inconsistencies in their measures such that

a challenge is faced in comparing studies.

Though income and expenditure are a more generally accepted gold standard to
represent household economic welfare (Worrall et al., 2003), it is often difficult to
obtain accurate financial data from respondents in developing countries. According to
Deaton (1997) and Rutstein and Johnson (2004), this is for a number of reasons:
people’s lack of knowledge about exact finances, multiple earners and spenders in
households, and unwillingness to disclose unbiased financial data for several reasons. In

addition, collecting detailed income or expenditure information is prohibitively time-
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consuming and costly, and results may be influenced by seasonality in income flows
(Rutstein and Johnson 2004). Thus, most studies have used asset ownership, which,
according to Filmer and Pritchett (2001) and Rutstein and Johnson (2004), represents a
more permanent way of assessing household economic status and requires only a single
respondent and fewer questions compared to the income and expenditure. Filmer and
Pritchett (2001) demonstrated comparable results in applying both expenditure and
asset-based approaches in a school enrolment study. However, what constitutes

applicable assets has varied from study to study and between rural and urban locations.

In malaria literature, assets have generally constituted either one or a selection of over
20 household items, housing characteristics, water and sanitation facilities and access to
services (Filmer and Pritchett, 2001; Vyas and Lilani, 2006). The assets used have
varied within rural areas or across rural and urban areas. In rural areas, common assets
include radios, livestock, beds and bicycles, while housing characteristics are walls, roof
materials, water and sanitation facilities including toilet characteristics, types of water
source and cooking amenities, and access to health care services (Deressa et al., 2007;
Ernst et al., 2009; Ayele et al., 2012). In urban areas, ownership of a vehicle has
featured prominently, in addition to some assets mentioned earlier, such as livestock
and radios (Yamamoto et al., 2010). Often these selections are based on face validity.
Rutstein and Johnson (2004) suggest the following broad categories of assets: water
supply, type of vehicle, sanitation facilities, persons per sleeping room, electricity,
ownership of agricultural land, radio, domestic servant, television, type of flooring,
refrigerator and telephone. A full list of assets is suggested in the demographic and
health survey (DHS) reports, which often many of the studies conducting similar
surveys select from to relate to malaria risks. The majority of the malaria risk studies
adopt an asset-based approach to measure economic status. This asset-based approach
provides a value/class that measures wealth. Filmer (2005) used asset ownership data
collected in DHS surveys to examine socio-economic differences in malaria risks. A
potential problem with the asset index approach is differences in the assets used across
surveys and studies; even those studies which use a common asset index cannot be

readily compared, except insofar as they provide a relative measure of poverty.

For the purposes of analysis and interpretation, households are frequently divided into
equal-sized groups (four or five quartiles or quintiles) according to their level of asset

ownership by applying a weight derived using principal components analysis (Vyas and
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Lilani 2006) or a summation of number of assets owned (Yamamoto et al., 2010). Often
the actual distribution of the underlying index value is rarely reported, unknown and
most often taken on face validity. For example, the distribution may be extremely
uneven, with a large portion of the population having very few assets, and a very small
proportion having a large number or not using the appropriate assets suitable for their
ecological setting. As such, Rutstein and Johnson (2004) suggest the inclusion of
country-specific items with rural and urban considerations; however, this still presents
the difficulty of cross-country comparisons and makes the justification for the division

of the asset index into four or five equal parts unclear.

In the malaria studies reviewed, most have applied an asset-based approach and others
have examined the relationship between income and malaria risks. In these studies,
assumptions apply for choosing the particular method as well as the problems identified
earlier with using any of the approaches, and are often not explicitly stated; neither is
their methodologies fully described. For example, in Saced and Ahmed’s (2003a)
determinants of malaria risk study, the percentage of income spent on food expenditure
was applied to a refugee camp population in Sudan. Even though not overtly stated,
asset ownership is not an appropriate method to describe the economic status of
households under such transitory conditions. Thus, while reviewing these studies, it is
important to bear in mind that inconsistent methodologies are often employed, making it
difficult to draw final comparisons across the literature, even though the studies have
often drawn different conclusions about the relationship between economic status and

malaria at differing spatial scales.

On a global scale, Sachs and Malaney (2002) demonstrate a significant inverse
relationship with a country’s malaria endemicity and its per capita GDP, arguing that
malaria causes underdevelopment and underdevelopment brings about malaria.
Therefore, malaria is a double-edged sword. Historical evidence backs this causal
pathway. Njera (1994), in this respect, argues that the disappearance of malaria in parts
of Europe was associated with economic development related to agricultural expansion,
rather than interventions such as vector control or chemoprophylaxis. It is argued that
the lack of success to combat malaria is economically driven by a country’s purchasing
power and ability to influence global politics, such that malaria’s regionalisation is yet

limited to poor developing countries without the ability to negotiate global politics.
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At a local scale, findings are mixed. Findings by Deressa et al. (2007) and Ernst et al.
(2009) in Ethiopia and Kenya respectively reveal that malaria risks seem to affect
multiple wealth classes — the poor, less poor and wealthy — approximately equally. In an
urban area study, Yamamoto et al.’s (2010) results echo similar findings. On the other
hand, Baragatti et al. (2009) and Klinkenberg et al. (2005), in other urban studies, found
a significant inverse relationship between asset ownership and malaria, while in Saeed
and Ahmed (2003a), an income and food expenditure approach to examine malaria risk
levels revealed that households where more than 25% of income was expended on food
were at higher risk of malaria, while those with no income had no significant
relationship with malaria risk. In Ghebreyesus et al.’s (2000) study, malaria was not
significantly associated with wealth assets such as radios, livestock or sources of water,
but significantly associated with the number of sleeping rooms and ownership of a
separate Kkitchen. It is obvious that the findings are inconclusive, with some reasons
attributable to earlier concerns on methodological rigour. In addition, at the multiple
levels, the direct link between malaria and wealth may be flawed owing to intervening
knowledge, attitude and practice factors that are not concerned with wealth but
behaviours, and these, together with the built environment (Lindsay et al., 2002), can

put households at risk irrespective of their economic status.

In urban areas heterogeneity in economic status often exists, as confirmed in
Klinkenberg et al.’s (2005) and Baragatti et al.’s (2009) studies. This variable will be

applied in Lagos state to understand its influence on the spatial patterning of disease.

3.5.3 Level of Education

Education as a variable in epidemiological studies attempts to capture the knowledge-
related assets of a person so that it may be related to the significance of a health
outcome. It can be measured as a continuous variable (years of completed education), or
as a categorical variable by assessing educational milestones such as completion of
primary or high school, or higher education diplomas or degrees (Galobardes et al.,
2006). The idea behind the continuous measure is such that the time spent in education
is considered to be of greater importance than educational achievements, on the basis
that every year of education contributes similarly; the categorical measure assumes that
specific achievements are important in determining status. However, in developing
countries, this is not always the case with the continuous measure, where lack of finance

could lead to absenteeism in school, particularly at exam times, with consequences for
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repetition of classes and a higher number of school years that may not translate to
increased knowledge. Education is also applied as a generic measure to construct socio-
economic status and sometimes related to level of knowledge displayed about malaria
even though this correlation often does not exist. In this case, however, the focus is its

relationship with malaria risks as an individual variable.

Its association with malaria generally is manifold. As education reflects intellectuality,
knowledge attained through education may affect a person’s cognitive functioning
(Galobardes et al., 2006) and shape not only this behaviour but the behaviour of the
whole household in a way that it has various consequences for the risks of malaria
within that household. According to Galobardes et al. (2006), education also captures
the transition from childhood to adulthood and thus can be a strong determinant of
future employment and income with impact on the resources available in a household to

influence the risks to malaria.

Just as there is no standard measure of household economic welfare in malaria studies,
in the body of knowledge examining the relationship between malaria risks and
education, a standard measure of educational achievement is also lacking. This lack of a
standard measure makes it difficult to judge or draw blanket conclusions, owing to
differences in study focus or the classifications for level of education applied in each
study. Frequently, level of education is categorised to include low and high; illiterate
and literate; none, primary, secondary and above; primary school or none, secondary
school or higher; illiterate, literate, primary, middle, high school and above; none,
primary, secondary, tertiary, non-formal (Njama et al., 2003; Thang et al., 2008; Ernst
et al., 2009; Phillips et al., 2009; Aina et al., 2013). Little is known of what defines the
cut-offs for some categories such as low and high, illiterate and literate; the studies lack
explanation to this effect. Some studies on the other hand, have used the number of
completed years of schooling (Baragatti et al., 2009). In addition, information on the
level of education has been requested from either the respondent where the study
focused on the general population; the caregiver or head of household. These
irregularities in measures as well as study focus make it problematic to compare

findings across studies.

Numerous studies have examined the relationship between malaria incidence and
education, and inconsistencies exist. In Ernst et al.’s (2009) study, malaria was

significantly associated with education for all classes of educational achievement.
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Similarly, Saeed and Ahmed’s (2003) and Baragatti’s (2009) findings reveal a
significant relationship between the two, irrespective of the classification of education
levels and age categories of the study population. In another study, however, contrary
results are recorded. In Parajuli and Ghimire’s (2010) study, the level of education was
not significantly related to the risk to malaria, in fact, the literate population in this
study was at a higher risk of malaria than the illiterate population, which is inconsistent
with earlier studies. Similarly, in Njama et al. s (2003) study in an urban area, education
of caregivers was not significantly related to occurrence of childhood malaria. Njama et
al. (2003) state that even though the variable was not significant, the caregivers
displayed high levels of knowledge about the disease, home management practices and
treatment-seeking behaviours, which could often be correlated with education. Koram et
al.’s (1995) study in peri-urban Gambia suggests, though, that many cases of malaria
develop to severe malaria in children due to the lack of education and knowledge on the
part of the caregiver. Thus, under severe malaria conditions, education and knowledge
are important factors that influence progression of the disease from mild to severe. In
this respect, the characteristics of the study population can influence the direction of the
relationship between these variables; but they are important variables to be examined in

relation to the risks of infection in urban areas.

3.5.4 Occupation

Occupation is a reflection of a person’s place in society related to income, education,
and less often, working environment characteristics. In many instances, level of
education is not always a direct predictor of the type of occupation undertaken by
people, particularly in circumstances where unemployment and underemployment are
high. According to Galobardes et al. (2006), occupation measures are in some sense
transferable. For instance, the occupation of the head of household or the highest status
occupation in a household can be used as an indicator of the socio-economic status of
dependants (for example, spouse and children) or the household as a unit. While
occupation type can offer more benefits for health such as privileged access to health
care coverage, it may also reflect the environmental exposures both individuals and

household members face.

Just as standard of measures of education and economic status are problematic, so also
is occupation. Though there is an International Standard Classification of Occupations
(ISCO), ISCO-08 (International Labour Office, 2007), many national occupation
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classifications are adapted from this, and often what constitutes an occupation class
differs from location to location, making comparisons difficult. Some categories of
people also are difficult to classify under an occupation: for example, the unemployed,
the retired, housewives, students, volunteers, those working in informal sectors or
undertaking illegal jobs, or the self-employed. Also, certain people also may not want to
disclose their occupation (e.g occupations in secret service). For these classes of people,
fitting them into an occupation class may prove problematic; such difficulties are not

reported in many studies.

In the malaria literature, occupation classification has varied, with no two studies
having any similarities with regards to occupational classes. However, what we can take
from the studies is that certain occupations expose persons to higher risk of vector—

human contact, with consequences for increased malaria transmission.

Many authors have explored the relationship between malaria risks and various
occupational categories, and under diverse conditions the findings have varied.
Agricultural workers, night-watchmen and gem miners are frequently studied owing to
the nature of their jobs that coincide with night-time, seasonal, migratory and often
require inhabiting temporary and poorly constructed homes in the agricultural farmlands
or excavation sites for a given period (Thimasarn et al., 1995; Yapabandara and Curtis,
2004). Even when houses are more permanent or workers are not migratory, clustered
settlements develop around work sites in forest locations, which are normally conducive
to mosquitoes breeding. Under such conditions, these workers and their households are
exposed to infectious mosquito bites and, in turn, higher malaria risks.

Ferreira et al. (2012) examined the relationship between malaria and occupational types
in Brazil, and there was a 67% higher prevalence of malaria amongst gold miners than
other occupational types. Within the gold mining population, 92% of those who worked
in mineral extraction had a higher prevalence than those working indoors. This was
highest in clustered mining settlements which encouraged increased biting rates within
high-density households. Similarly, in Sri Lanka, gem mining creates excavation pits
and holes that promote anopheles breeding, and gem miners make their homes without
protection that cannot be sprayed owing to their temporary nature. These houses give no
protection from the mosquito vector and the gem miners are faced with higher biting
rates from mosquitoes (Yapabandara and Curtis, 2004). In the same study by

Yapabandara and Curtis (2004), night-watchmen who guard gem pits had higher
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malaria prevalence. While these studies have consistently reported the exposure of
agricultural and mine workers to malaria, Guthmann et al. (2001) report, on the other
hand, the protective influence of working on an agricultural farm and living in an
agricultural settlement. Guthmann et al.’s (2001) finding is, however, not generalisable
for a number of reasons. Firstly, the agricultural workers avoided the farms during the
peak biting periods of the mosquitoes; secondly, the homes of the agricultural workers
are well built with limited entry by mosquitoes. It can be argued that behavioural factors
and occupational exposures either create buffers or opportunities for increased incidence
of malaria. As stated by Peterson et al. (2009) in his study in urban areas, working
outdoors puts adults at even higher risk than children, and little is known about such
indoor and outdoor environments in urban areas that can feed into intervention
programs. Even though agriculture is practised in urban areas, evidence from
Klinkenberg et al. (2004) (discussed earlier under urban agriculture) shows that
residence in close proximity to farmlands is more important than occupation when
considering malaria risk. However, certain night-time occupations such as night-
watchmen, as studied by Yapabandara and Curtis (2004), are prominent in urban areas,
making occupation an important aspect to be investigated; but little is known about its

influence other than in rural areas.

This thesis will examine multiple occupations such as night-watchmen and participation
in night-time commercial activities, and their exposures in urban areas in relation to the
risk of malaria infection. Through investigating this risk factor, the research will further

understanding on its role in the ecology of urban malaria.

3.5.5 Knowledge Attitude and Practice (KAP)

With respect to the focus of this thesis, Knowledge Attitude and Practice (KAP)
measures the level of knowledge about malaria, the attitude as an expression of favour
and disfavour towards the disease, and the behaviours that constitute both preventative,
treatment and management practices towards the disease. KAP is often influenced by a
person’s past or present, and is informed by many socio-cultural aspects of the society
(for example cultural, religious, education, occupation and income), sometimes blurring
relationships with disease outcomes. Studies on malaria KAP are increasingly being
published owing to sub-disciplinary changes that accommodate such research, as
indicated in the previous chapter. These studies have sometimes considered KAP as a

whole, or one aspect of KAP, for example knowledge, while others have addressed
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behaviour and its relationship with malaria. In addition, researches on KAP have
addressed it in relation to treatment-seeking and preventative behaviours and socio-
economic characteristics, and less often to the incidence of the disease. Evidence from
these studies shows that depending on the circumstances individuals can hold several

KAP explanations of malaria.

A number of studies in contemporary Africa have shown that malaria transmission
routes are often not always understood by communities (Aikins et al., 1993; Opiyo et
al., 2007) and there is frequently a gap between knowledge and action (Opiyo et al.,
2007) often distorted by attitudes which are frequently not presented or discussed in
studies, probably because of the substantial risk of falsely generalising the opinions and
attitudes of a particular individual or group (Launiala, 2009). For instance, while it is
expected that education would increase knowledge about the cause of malaria, it often
does not erase misunderstanding about its cause, such as malaria originating from
staying under the sun, being caused by hard work or even witchcraft (Mwenesi et al.,
1995; Yadav et al., 2007).

Prior to the review of studies, | identify what the literature says about KAP, which
mainly emanates from a body of mixed-methods studies of KAP on malaria. What
broadly constitutes KAP on malaria is generally based on the disease and vector. This
includes single or multiple statements on the knowledge of causes, symptoms,
transmission, prevention, treatment and control measures of the disease; perceptions of
the causes, symptoms, transmission, prevention, treatment and control measures, as well
as behaviours actually practised to treat and prevent the disease (Agyepong and
Manderson, 1994; McCombie, 1996; Njama et al., 2003; Williams and Jones, 2004).
Various statements have been posed to individuals and households to respond to these
broad categories, and often there is no standardisation. Concerning knowledge, they
include the definition of malaria; cause of malaria; differentiation between fever,
malaria and severe malaria; government-recommended treatment for malaria;
consequences of malaria; dosage of malaria treatment in children and adults; knowledge
on vector breeding habitats; times of vector biting; and elimination of vector habitats
(Agyepong and Manderson, 1994; McCombie, 1996; Njama et al., 2003; Williams and
Jones, 2004). As regards attitude, they include feelings and influences about the
knowledge and practice concerning the disease and vector; while practice includes

questions, action courses taken on treatment and reducing human-vector contact
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(Agyepong and Manderson, 1994; McCombie, 1996; Njama et al., 2003; Williams and
Jones, 2004). Scores or coefficients are derived from responses to multiple statements,
ranging from one statement to over five (Saeed and Ahmed, 2003a). In addition, the
exact questions posed from the studies are mostly unavailable for referral; this has

consequences when comparing results across studies.

As this thesis’s focus is on the incidence of the disease, this section reviews studies that
address KAP and how it influences the occurrences and risks of the disease in different
populations. More studies have found the practice and behavioural aspects of KAP more
statistically significant than knowledge, and as identified earlier, few studies discuss

attitudes.

Several studies have examined the level of knowledge displayed by individuals in
relation to the prevalence of the disease. Njama et al. (2003) assessed KAP as a
predictor of malaria in a caregiver population in urban Kampala in Uganda in a
paediatric population. As part of KAP, the level of knowledge variables include
questions and statements on causes of the disease and recognition of fever, malaria and
severe malaria as well as available treatment options and were considered individually.
Questions on attitude pertained to the most important factors that influence treatment
choice for paediatric malaria, as well as the best treatment for the disease. Practice
questions were focused on the first action to be taken on the appearance of malaria and
preventative measures. In assessing this relationship between KAP and malaria, only
preventative behaviours, such as use of bednets and anti-malaria drugs, were a
significant predictor of childhood malaria. Areas where the density of incidence was
highest correlated significantly with places where preventative measures were not
observed. Abate et al. (2013) studied the relationship between KAP and prevalence of
malaria in an urban population by investigating symptoms, causes, treatment,
prevention and control behaviours of the disease. The findings revealed that the
probability of disease was higher in households that did not practise good preventative
behaviours and lower in those that had good knowledge of preventative measures.
Similarly, Deressa et al. (2007); Alemu et al. (2011) and Messina et al. (2011)
evaluated comparable relationships and preventative behaviours, such as those that
destroyed the parasite in human blood (anti-malaria), reduced human-vector contact
(ITN usage) and eliminated the vector through use of aerosols and insecticide; these led

to significantly lower prevalence of malaria in the population. However, when these
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variables, including use of mosquito coil and elimination of vector habitats, were
examined by Ernst et al. (2009), only the use of mosquito coil was significant in a
multivariate relationship leading to decreased prevalence in a population with poor
preventative behaviour practices. Saeed and Ahmed (2003a) did not find any significant
relationship between knowledge, attitude or practice variables in their population-based
study; while 70% of the study population showed good knowledge of the disease and its
symptoms, 40% showed poor treatment-seeking behaviour, which had consequences for

progression to severe malaria and death.

Across these variables, the practice aspect of KAP, encompassing preventative and
treatment-seeking behaviours, have demonstrated more consistent and significant
differences on the disease than the attitude and level of knowledge variables. However,
what constitutes preventative and treatment-seeking behaviours has varied with the

ecological setting, and often their appropriateness has been taken on face value.

This thesis will examine KAP variables in relation to the risk of disease as applied by

Njama et al. (2003) and Alemu et al. (2011) in a similar urban setting.

3.5.6 Travel and Migration

Malaria is an established tropical phenomenon. In these regions, it is reported to be
generally lower in the urban areas than in rural communities. A review by Robert et al.
(2003) confirms this hierarchy of intensity, with malaria being lowest in city centres,
followed by peri-urban areas, and highest in rural areas. The flipside of lower malaria
prevalence in urban areas is that immunity is also reduced, making urban residents more
susceptible to the disease upon exposure. Reduced immunity in the urban populations
means that, when urban residents travel to rural areas, they are at risk of malaria
infection. Also, when malaria-infected individuals from rural areas migrate to cities,
they carry the parasite, which infects the mosquitoes in urban areas and, in turn, urban
dwellers that have weakened immunity. Often, rural residents migrate to seek better
livelihoods; they bring their culture and way of life with them, thereby ruralising urban
environments. Migrants move for other reasons, such as conflict displacement and
natural disasters, triggering epidemic malaria such as at the Thai-Myanmar—Cambodian
border (Tipmontree et al., 2009). It is in this way that humans move around with
elements of the environment, as described by Meade (1977) and Meade and Emch
(2010), in the triangle of human ecology disease. Such population movements have also

been thought to be the reason behind the resurgence of malaria in highland areas of
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Africa (Hay et al., 2002a). The high demand on land from increasing rural-urban
migration leaves mainly waterlogged areas, such as swamps and marshlands, as the only
available places for new migrants to occupy which as discussed earlier under LULC are

vector habitats associated with increase malaria risks.

A number of studies have examined the relationship between travel history, migration
and malaria and the findings have been consistent. Studies by Ng'andu et al. (1989);
Domarle et al. (2006); Wang et al. (2006c¢); Baragatti et al. (2009) and Peterson et al.
(2009) in the urban populations in Zambia, Madagascar, Cote d’Ivoire, Burkina Faso
and Ethiopia, respectively, revealed a strong positive association between malaria

infection and a recent trip to a rural area.

The relevance of this variable to the further understanding of the ecology of malaria in

Lagos speaks volumes from the evidence presented, and as such it will be investigated.

3.5.7 Drug Resistance

While drug resistance to malaria is becoming increasingly widespread, it has been
mainly blamed for the resurgence of malaria in highland areas of Africa and the Thai—
Myanmar—Cambodia borders (Wernsdorfer, 1994; Hay et al., 2002a; Na-Bangchang
and Congpuong, 2007). In Ibadan, Nigeria, resistance to first-line malaria treatments has
been a significant factor in the delay in clearance of parasitaemia in the blood without
recurrence within a paediatric population, and as such leads to increased incidence of

the disease (Sowunmi et al., 2010).

While this is an important variable to examine in Lagos state, where the disease is on
the increase despite reports of urbanisation being a buffer to an increase in incidence of
malaria, this thesis will not examine this variable owing to the limitation of the cross-
sectional survey | utilise for my study, which does not offer a clinical setting to achieve
this, as applied in Sowunmi et al. (2010) earlier discussed study.

This section summarised the role that socio-cultural variables associated with the
behavioural vertex of the disease triangle play in influencing malaria risks in multiple
locations. Key findings showed that travel history to rural areas; poor preventative
behaviours; dimensions of ethnicity and religion were associated with lower incidence;
level of knowledge and belief has no significant impact and occupation type, wealth,
education are inconclusive in the impact of relationships on malaria infection. Their role

will be explored and examined in relation to the occurrence of malaria in Lagos as
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potentially important to the understanding of its urban ecology, particularly the role they

play from a human perspective and its contribution to locality studies.

3.6 Population Characteristics

Individual differences that can influence our susceptibilities to disease include age,
gender, nutritional factors, genetics, underlying health conditions and pregnancy
(Meade and Emch, 2010). In malaria risk literature age and pregnancy has been the

most studied amongst all and least is genetics.

Age below five years and pregnancy has been as been listed by WHO as risk factors for
higher malaria incidence. Age and pregnancy have often been examined in the way it
impacts on progress from mild to complicated/severe malaria and its resulting
consequences. Many studies have not used 5 years as a cut off age in comparing malaria
risk in different populations neither have pregnant women versus non pregnant women

being commonly used.

For example Mauny et al. (2004) study in Madagascar used less than and greater than
10 years age as the cut off age and findings from the study report that children below
the age of 10 years have higher malaria infection. Ayele’s (2012) study similarly report
a reduction in the risk of malaria with increment in age. In Peterson (2009) study, age is
statistically significant with increasing malaria but with children aged 5 to 9 years
having higher malaria risks over children less than 5 years and adults. However adults
who worked outside at night had higher risks of malaria and children below the age of 5
were protected from malaria because they used ITNs. Though the age intervals used in
these studies are different what we note is that more studies report that younger children
have higher risks of malaria over older children.

In terms of gender, Ye’s (2008) study, reports no significantly associated relationship
and this was consistent with Deressa et al.’s (2007) and Alemu et al.’s (2011) findings
in rural and urban Ethiopia respectively. Ayele (2012) reports similar result with no
gender in particularly greater risk of malaria apart from pregnant women who have been
reported by WHO as an at risk group. Human genetics is one of the risk factors under
population vertices of the HED (Meade and Emch, 2010) and rarely occurs in malaria
risk studies possibly because of the experimental setting it requires to examine it.
Nahum et al. (2010) examines having the sickle cell trait in relation to malaria and the
finding show that it served as a protective shield and is a statistically significant with
decreased malaria infection.
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Key findings show the importance of age, pregnancy and genetics in relation to malaria
risk. As this study utilises a household approach, it will look at age below 5 years and
pregnancy as factors that make a household vulnerable.

As mentioned earlier, the framework of disease ecology has featured predominantly as
an applied approach, and will be useful in examining these identified variables in the

study location of Lagos.

3.7  Theoretical Framework

My research employs the theory of human ecology of disease (Meade and Emch, 2010)
to examine the important variables identified from the review to be relevant in the
understanding of the urban ecology of malaria. The framework offers the theoretical
benefit of assessing the multiple factors associated with the environment and behaviour
in relation to the disease outcome. This environment is that which humans and
anopheles vectors inhabit, and due to vector and human behaviour, interact closely to

result in disease transmission.

It has been translated to make meaning for urban malaria in this research (Figure 8). The
framework recognises that vector-borne diseases result from a synergy of linkages and
interactions of variables between humans, the vector, the parasite and the environment.
Here it consists of the physical and built environment and behavioural variables that
interact with humans, depicted here as the population infected by malaria. The
environment, the disease, vectors and humans do not exist separately; they interact
synergistically, and malaria is encouraged through these numerous ways. This
framework, then, allows us to model real-life situations in order to identify the most
important pathways for malaria transmission and develop intervention strategies that
will address this. Through this, we can understand the ecology of the disease, by
unpacking these qualitative and quantitative relationships with malaria. However,
modelling these complex relationships and interactions is fraught with difficulties and
we are often left to break them down to develop a relationship, as noted earlier by
Meade (1977). Despite its weakness, the study of malaria and human behaviour in an
ecological setting is a fundamental task for medical geographers, thus employing the
approach will contribute to basic and applied research in the discipline. It provides a

strategy to answer arising questions on urban malaria in the sub-discipline.
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Figure 8: Adapted human ecology of malaria framework

3.8  Data Quality Issues in Malaria Infection Data

Many data quality assessment studies have been conducted for health data. Although the
literature covers a wide variety of these, this section will focus on identification and
definition of data quality dimensions that appear repeatedly in the literature and the way

they have been applied to assess malaria infection data and their reporting frameworks.

One of the main sources of malaria data is the routinely collected hospital-based clinical
data or population-based active disease surveillance. Data collected via patient visits to
health care facilities mostly represent severe cases of malaria owing to the treatment-
seeking behaviour of the population; therefore, clinical malaria data underrepresents
actual levels of disease in communities (Abeysekera et al., 1997). Apart from
underrepresentation, data on infectious disease of which malaria is one, is generally
characterised by other quality issues (Thacker et al., 1983), as also acknowledged by
WHO (2008). This has implications for surveillance, monitoring and evaluation of
progress made through interventions. Despite this, studies do not often account for
quality in datasets in their findings or undertake a quality assessment of malaria data as
a standalone research. Where this has been done, a limited number of data quality
dimensions have been applied to assess only the data, not the quality of the reporting

framework that produces this data. In addition, what constitutes data quality has varied.
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From the literature, some of the conceptual definitions presented are “fitness for use” or
“fitness for purpose”, and “more than just data accuracy and completeness to include
other dimensions that describe data at an instance” (Wang and Strong, 1996; Batini and
Scannapieco, 2006). To describe data quality, dimensions such as accuracy, precision,
interpretability, reliability, completeness, timeliness, currency, interoperability,
metadata, accessibility, objectivity and relevancy have appeared in the literature. The
definitions of each dimension derived from literature are presented in Table 1. They
have been applied to examine the quality of malaria infection data as well as to assess
the quality of the institutional data-generation, management and reporting framework.
A number of studies have applied some of the dimensions in Table 1 to examine the
quality of routinely collected malaria infection data or population-based surveillance

data. Often, quality issues have been detected.

Abeysekera et al. (1997) examined how boundary issues and proliferation of the health
systems with private health care providers affected the accuracy of malaria data.
Findings showed that patients crossed health boundaries to health care providers in
another jurisdiction and private health care providers did not properly record their
malaria patients and where they did, it did not feed into the Sri Lanka health system

because it did not take into consideration private HCFs or boundary issues.

Van Hest et al. (2002) and Alaya-Bouafif et al. (2011) examined completeness and
underreporting issues for imported malaria cases from three sources (laboratory
registers, notification office and hospital admissions) and their consequences for
accuracy and reliability using capture-recapture methods in the Netherlands and Tunisia
respectively. Capture-recapture methods calculate the number of cases in each data
source and the number common to all data sources put together. Findings showed
completeness and underreporting issues for all data sources, but while the laboratory
data source had the highest completeness in Van Hest et al.’s (2002) study, the
notification registry did so in Alaya-Bouafif et al. (2011).
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Table 1: Data quality dimensions and their definitions for applied usage

Dimensions

Definition

Definition references

Time-related

dimensions

Reliability and

consistency

Accessibility
dimension

Flexibility

Relevancy

Free of error
dimensions and
exact

representation

Completeness

Reputation

attributes

Describes when data is up to date, age of data, how promptly data
is updated, and when data is acquired or available on time, as well
as length of time data remains valid. Also includes currency,
timeliness, up to datedness, volatility.

The extent to which data is always presented in the same format
and is compatible with previous data. Inconsistency occurs when
there is more than one state of the information system matching a
state of the real system.

The extent to which data can be restricted and hence kept secure.
This measures the ability of the user to access the data from the
perspectives of own language, culture, physical status/functions
and technologies available. The extent to which data is available or
easily or quickly retrievable. The ease with which the user can
obtain the data analysed by cost, time frame, format,
confidentiality, respect of recognised standards, copyright, etc.

The capacity for a view to change in order to accommodate new
demands. The extent to which data are expandable, adaptable and
easily applied to other needs.

The degree to which a view’s components are pertinent to satisfy
intended applications. The extent to which data is applicable and
helpful for the task at hand. Not a common DQ dimension.

Exact representation of the real-life value, to include accuracy,
validity, correctness, negligible error, precision, and data
measuring what it is intended to measure, minimal error to the
point of being negligible. Can be presented quantitatively or

qualitatively.

Complete or partial coverage of features, their attributes and
relationships. Having all relevant information recorded. Includes

underreporting.

Also known as reliability, believability, integrity and objectivity. It
is described as data that can be counted on to convey the right
information without deliberate manipulation. The extent to which

data is unbiased, unprejudiced and impartial, true and credible.

GFATM (2009); Wand and Wang
(1996); Wang and Strong (1996),
Batini and Scannapieco (2006)

Wand and Wang (1996); Wang and
Strong (1996)

Batini and Scannapieco (2006);
Wang and Strong (1996); Bedard and
Valliere in Devillers and Jeansoulin
(2006)

Wang and Strong (1996); Levintin
and Anany in
Jeansoulin (2006)
Wang and Strong (1996) ; Levintin
and Anany in
Jeansoulin (2006)
GFATM (2009); Wang and Strong
(1996); Wand and Wang (1996);
Batini (2006);
Pipino et al. (2002); Devillers and
(2006) Burrough and
McDonnell (1998); 1ISO 3534-1
Wang and Strong (1996); Batini and
Scannapieco (2006); Tayi and Ballou
(1998); Wand and Wang (1996);
1996 in (Batini and
Scannapieco, 2006); Jarke et al.
(1999); GFATM (2009); Pipino et al.
(2002)

Wand and Wang (1996); GFATM
(2009);
(2006); Pipino et al. (2002); Wang
and Strong (1996)

Devillers  and

Devillers  and

and Scannapieco

Jeansoulin

Redman

Devillers and Jeansoulin

Erhart et al. (2007) assessed the accuracy of malaria data gathered through active case
detection and routine hospital data in Vietnam. The evaluation included the examination
of the data-generation and reporting system using a mixed-methods approach. The
findings revealed duplication of data reporting, lack of consistency and higher accuracy
of active case detection data when compared to hospital data. Similarly, Chilundo et al.
(2004), in a descriptive mixed-methods study, evaluated the quality of routinely

79



collected malaria data and the reporting framework of the Mozambique health service
system using quality indicators such as completeness, accuracy, consistency and
timeliness. This study equally demonstrated quality issues with malaria data using the

mentioned dimensions.

In summary, findings from the earlier studies show that quality issues are inherent with
routinely collected malaria data. However, quality has mainly centred on completeness
and accuracy dimensions and less on other dimensions presented in Table 1. Some of
other important dimensions such as data format, accessibility and relevancy issues that
have significances for the direct or immediate use of data are lacking. These are also
limited studies on timeliness and the framework for reporting. None of the data quality
studies conducted after 2009 have applied the Global Fund for Aids Tuberculosis and
Malaria Data Quality Audit (GFATM DQA) (GFATM, (2009) tool apart from Gimbel
et al. (2011) who uses a similar bottom up approach in assessing routine primary care
data (not malaria) in Mozambique. The tool was developed in 2009 purposely by The
GFATM and the MEASURE Evaluation project to exclusively assess and improve the
overall DQ on Malaria, HIV and Tuberculosis indicator data.

The tool kit offers a bottom up approach in data quality assessment starting from the
time of diagnosis of malaria to the national or the highest reporting level in a country’s
system. It is based on the system assessment protocol and a data verification protocol
conceptual framework. This conceptual framework is based on the notion that both the
system and data the system produces must be assessed in order to truly say malaria data
is of a certain quality. Meaning a poor system cannot produce good quality data. It relies
on seven DQ dimensions: accuracy, reliability, precision, completeness, timeliness,
integrity and confidentiality and the emanating results are both qualitative and

quantitative outputs.

Two versions of the GFATM DQA tool were developed by the team. One is for large
scale detailed external auditing known as the DQA while the other is a smaller scaled
simplified version called “The Routine Data Quality Assessment Tool” (RDQA) and is
to be used routinely by a project/program wishing to assess its data quality. This
research will use a scaled down and adapted version of the DQ tool to assess routine

malaria infection data collected and used in this research.
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3.9  Conclusion
This chapter on the literature review concludes by building on knowledge gained from
the previous chapter towards identifying and re-affirming gaps in the literature and areas

where this research will contribute its share of knowledge.

In Chapter Two | reviewed existing research on Nigeria and particularly Lagos state.
Most evidence relates to behavioural aspects of malaria which is outside the scope of
this study focusing on the incidence of the disease. The lack of relevant studies on the
geography of malaria, and the need to increase knowledge on the ecology of urban
malaria in Nigeria and West Africa as a way of addressing the disease has been raised
by Brieger et al., (2001) and WHO current strategy to target highest burden countries of
which Nigeria tops seems to be in agreement with this. Through this approach WHO
hopes to meet its target of a 75% reduction in malaria by 2015 (WHO, 2012). |
subsequently identify the human ecology of disease framework as an appropriate lens
through which human malaria environment interactions can be viewed and understood.
Therefore, |1 employed this framework for my thesis to review studies as well as to
achieve the research objectives stated at the beginning of my research.

To progress with the study on the urban ecology of malaria in Lagos state, this chapter
has drawn on evidence from studies conducted in other localities in Africa by reviewing
over 82 articles and 35 supporting studies. The studies are presented and discussed by
relating them to risk variables associated with the behaviour and habitat elements of the
triangle of human ecology of disease. In summary, a broad range of risk variables that
have been identified to have known and uncertain statistical significance will be
collected, explored and examined in relation to the occurrence of malaria in Lagos state.
At the end of the research, | will assess their importance for this particular locality in

order to narrow down to a set of variables or to recommend for further research.

Climate is an important risk factor that controls the presence of vector habitats and the
abundance of the anopheles mosquitoes with likely consequences for increased malaria
risks. Across the literature reviewed, the overarching influence of temperature over
relative humidity and rainfall at broad spatial scales and peri urban areas using multiple
time lags in tropical Sub-Saharan Africa is known (Tanser et al., 2003; Ezzati et al.,
2004; Pascual et al., 2008; Ye et al., 2008). There has been little or no focus on purely
urban areas like Lagos state characterised by anthropogenic urban heat (Changnon,

1992; Ichinose et al., 1999; BNRCC, 2012) under multiple temporal scenarios apart
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from Tay et al. (2012) study in a smaller city Accra and concentrating on a short time
period and Oluleye and Akinbobola’s (2010) in Lagos looking at only temperature an
rainfall without relative humidity or the effects of time-lags on the disease
transmission'®. This study will build on Oluleye and Akinbobola’s (2010) study in
Lagos and examine the temporal patterns in disease risks and additional climatic
variables (rainfall, relative humidity and temperature), investigating their influence over

a longer time period at different biologically plausible time-lags.

In line with Reiter’s (2001) and Lafferty’s (2009) suggestions to consider and quantify
non-climate factors, this review of literature revealed other variables important in
understanding the ecology of the disease in Lagos state. While the risk variables are not
always statistically significant or positively associated with malaria, many of them yet
remain relevant for understanding the ecology of this study location.

From the review of literature, topography in the form of elevation, slope and other
derivatives of elevation, such as the topographic wetness index and topographic position
index were consistently significant with malaria infection but more relevant in highland
areas. | will however consider the role of slope and elevation for malaria infection in

Lagos state, as most relevant for a heterogeneous lowland area.

The way agricultural practices influence malaria transmission risks in Lagos state is
unknown. This thesis will therefore study the relationship between proximity of
households to agricultural sites in relation to the risk of malaria, as identified by Afrane
et al. (2004), Klinkenberg et al. (2005) and Yadouléton et al. (2010) to be a significant
risk variable for urban malaria. Agricultural practices include farmlands and
commercial animal husbandry sites. It will also look at characteristics of homesteads
that have been reported to harbour the anopheles such as the presence of water,
vegetation and livestock domestic containers, wells, open drains and puddles of water
and, in turn, increase malaria infection (Adeleke et al., 2008; Yamamoto et al., 2010;
Olayemi et al., 2011).

Just as literature by Klinkenberg et al. (2005), Ye et al. (2008) Peterson et al. (2009)
and Yamamoto et al. (2010) show that some form of relationship exists between a range
of housing characteristics and malaria, where the characteristic represents the presence

of an avenue for mosquito entry. My study will also investigate these by assessing the

* Findings have been discussed under climate section of this chapter
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contributory extent of housing characteristics (window and door nets, household size
and room density, as well as the condition of walls and roofs) to the risk of disease
where the best measure to represent housing will be locally driven.

With respect to variables associated with the behavioural vertex, what is important at
global scales e.g economic status may at local scales become unpredictable. Rural—
urban migration has been the most consistently significant variable (Baragatti et al.,
2009). This is followed by preventative and treatment practice, an aspect of KAP, which
studies recognised as having a persistent influence on disease risk patterns (Njama et
al., 2003). Exposure from outdoor occupations is another significant variable that

influences malaria prevalence (Yapabandara and Curtis, 2004).

There are also other variables such as ethnicity, religion and culture, and education that
have presented inconsistent significances in their relationship with malaria prevalence
owing to the use of unstandardised measures of the variables, cross-country
comparisons, or lack of statistical power (Njama et al., 2003; Ye et al., 2008). These
variables will still be examined in an exploratory mode to determine if there are initial

patterns that may require further investigation.

Variables such as drug resistance, access to HCFs and genetics that have been reported
as important for mild and severe malaria and its consequences, as well as surges in
malaria rates (Wernsdorfer, 1994; Baume et al., 2000; Saeed and Ahmed, 2003b), are
not examined in this research, owing to limitations in the cross-sectional study design
adopted such that data on drug resistance and severe malaria cannot be gathered reliably

as is possible in experimental designs (Hennekens, 1987).

As earlier noted, statistically significant, insignificant and inconclusive variables
examined in other localities, and others not examined will be considered in this research
to develop knowledge on them for this locality. As it will be used to develop and
understand a predictive model of the human ecology disease, its application will foster
better understanding of the conceptual framework which is a dominant discourse of the
sub-discipline of medical geography. With the focus of my research being Lagos state, |
will narrow down on variables important for urban malaria in this locality and create
new knowledge that did not exist. Through it, my research will contribute to theoretical
and methodological knowledge of “place” and ecology of urban malaria as one of the

original thesis of its kind that examines such breath of variables in this locality.
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Chapter Four: Research Methods

4.1 Introduction

This chapter documents effort in research design, data-gathering (household survey,
secondary data sourcing and interviews), processing and analysis methods, and ethical
considerations used in the study. These strategies are informed theoretically by the
literature and the study context.

4.2 Study Area: Lagos, Nigeria
The intention to undertake my research in Lagos state, Nigeria and with a specific in-

depth study of Ikeja and Kosofe LGAs is based principally on:

1. Therise in the total number of malaria cases by 77.3 % (351,222 in 2000 and
622, 562 in 2011) and malaria in pregnant women by 124.3% (from 13,826 in
2006 to 31,007 in 2011) despite several intervention strategies employed
(LSMoH, 2010; 2011).

2. Its status as one of the top five contributors to the malaria burden in Nigeria.

3. lIts status as the largest urban population in Africa and current growth rate of
3.75%, which will make it the 14™ largest urban agglomeration in 2015
(UNDESA, 2012).

4. Its heterogeneous topographic, demographic, cultural and ecological

characteristics of Ikeja-Kosofe LGA.

A preliminary assessment of malaria infection reports from health care facilities situated

in each local government area in Lagos state reveal Ikeja and Kosofe to be major

contributors to the disease burden in the state. These LGAs record over 180 cases per

1000 in the state. The health care facilities in Kosofe LGA report an annual number of

cases of about 20,000, while Ikeja reports about 35,000, making Ikeja the 2" highest

LGA reporting over the period 2000-2009 (see Chapter Six). They have also been a
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focus for many Eko Free Malaria Project intervention strategies yet remain huge

contributors in the state.

Lagos state, Nigeria has a population of over nine million (Table 2). It is situated along
the West African coast and is the commercial capital of Nigeria. It consists of the Lagos

Mainland and pockets of islands known as Lagos Island.

Table 2: Key population characteristics of Lagos state

Population Characteristics

Geographic location

6°27' 11" N, 3°23'45"E

Population size

9,113,605 (male: 4,719,125, female: 4,394,480)

Area size 3,496.5 km’
Population density 2607 persons km®
Population growth rate 3.75%

Gender ratio 107/100 (male/female)

Ethnic groups

Indigenous Aworis and llajes and other Yoruba tribes

Languages Main local language is Yoruba; others spoken are the main
Nigerian languages, which are Ighbo, Hausa and other minority
tribe languages. Working and official language is English

Religion Christian, Muslim, Traditionalist, Atheist

Literacy 25% achieved beyond secondary school, 41.3% have secondary

school education, 33% did not achieve up to secondary school, out
of which 15% cannot read or write a complete sentence

Administrative divisions

25 LGAs and 52 local government development authority
(LCDAS)

Housing and household
characteristics

2.27 million households (96.7% regular; others are institutions,
homeless and transient households)

Main occupations

Most people are traders; others are skilled manual labourers,

farmers, fishermen and transport workers, with professional
workers accounting for the lowest proportion
Source: Federal Republic of Nigeria (2007) and Lagos Bureau of Statistics (LBS) (2012)

Lagos state has one of the highest annual urbanisation rates of 3.75% in Africa and has
a high birth rate signified by the shape and large size of the base of population pyramid
in Figure 10. As shown in the figure, population size declines shortly after O years until
about 10 years, and according to Ayeni (1980) and Adegbola and Chojnacka (1984),
loss of life at this age occurs mainly from malaria, diarrhoea and other respiratory
infections. The impact of malaria diminishes from about 5 years leaving loss to other
illnesses earlier mentioned which continue throughout childhood.

After 10 years the population increases gradually until a boom occurs about 20 to 25
years, owing to prosperity and marriage-led migration (Watts, 1983; Kearns and Joseph,
1993). Between 25 and 30 years, a population decline occurs until about 75 years.
According to Adegbola and Chojnacka (1984), Kearns and Joseph (1993) and Enweluzo
et al. (2008), while this may generally be attributed to migration, loss of life for men
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engaging in risky professions and behaviours (motorcycle transport and highway
hawking) leads to vehicle accidents and accounts for about 26% of deaths. Deaths in
childbirth account for women’s losses. Other reasons for the population pyramid shape
at this age are migration to smaller urban or rural areas due to change of marital status
(divorce, widowhood) and retirement, as well as death attributed to hypertension and
heart disease (Ayeni, 1980; Watts, 1983).

Ikeja and Kosofe LGAS, where the in-depth studies are carried out, have a total size of
130km? and populations of 313,196 and 665,393 respectively (FRoN Official Gazette,
2007). Ikeja and Kosofe have 44 localities each as shown in Figure 9 insert, and 855
and 1,531 enumeration areas (EAs) respectively. Abule Oloti locality has the smallest
size area of 0.2km?, while Agboyi locality has the largest: 14.25km? These both fall
within the mainland part of Lagos state which has been selected for in-depth study on
the basis of elevated disease rates (Chapter Six) and other ecological characteristics

itemised earlier.

4.2.1 Socio-economic Characteristics

In Lagos, about 60% of residents are medium income earners, highly mixed amongst
other income groups across the state: a characteristic that depicts urban areas in
developing countries (Robert et al., 2003). They engage in trade, semi-skilled or highly
skilled professions and also partake in full-or part-time urban agriculture (Appendix I).
The indigenous ethnic communities of the Aworis and llajes, irrespective of their socio-
economic backgrounds, cluster around riverine areas, living in houses typical to their
culture, as shown in Appendix Il. While they are mainly fishermen, they also participate

in sand dredging and water transport.

Residents mainly live in the mainland or peripheries of Lagos state and commute long
distances on a daily, weekly or monthly basis for economic purposes. Often people also
take temporary accommodation in Lagos state during the week and return to their
distant home at the weekend.
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Source: Lagos Bureau of Statistics (LBS) (2012)

4.2.2 Climate and Topographic Characteristics

Lagos has two wet seasons (long: April to July; short: September to October) and two
dry seasons (long: November to March; short: distinct August break). The wet season
has two rainfall peaks per year- in July and September. The highest amount of rainfall
occurs between April and July, with July recording as much as 600mm and April as
little as 37.4mm. The total wet season rainfall can be as high as 1817mm, and 138mm in
the dry season. A minimum of 86% of all rainfall occurs in the wet season. Relative
humidity is high all year round with an average of about 86%. The mean monthly
temperature is about 27.5°C and the maximum recorded in recent years exceeds 38°C
(BNRCC, 2012). As a coastal state, the majority of the area is below sea level and other
parts are flat. In Ikeja and Kosofe LGA, elevation is between -11m and 54m.

4.3  Research Design

My objective is to assess the relationship between variables in a varied sample of
households in a particular snapshot and the cross-sectional design meets this need
(Alemu et al., 2011). It is relatively quick and easy to implement but susceptible to bias
and misclassification from a low response rate and recall bias respectively (Hennekens,
1987).

The cross-sectional design (Figure 11) implemented in two phases (pilot study and main
study) employs a mixed-methods strategy (Tang et al., 1995) to gather data on a sample
of households in Lagos state. A mixed-methods approach to inquiry combines both
quantitative and qualitative forms of data collection, analysis and presentation
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(Tashakkori and Teddlie, 2003). The quantitative aspect forms a major part of the
methods and the qualitative aspect forms a minor one.

Pilot Study

Secondary data and
fieldwork

Main Study

o

[

Questionnaire survey

Semi-structured Interview

Questionnaire
Feedback process

Direct observation

Questionnaire pilot survey Secondary data and

fieldwork

Figure 11: Study design

The qualitative method consisted of a semi-structured interview to gather behavioural
and culturally sensitive information at the pilot stages, which was later processed,
converted to quantitative data and fed into the improvement of the questionnaire. The
quantitative aspect consisted of a questionnaire survey tested in the pilot stages and later
improved using semi-structured interviews and administered to a cross-section of
households in the main study phase. Other quantitative data collection methods utilised
were GIS and remote sensing information on household environment, as well as direct
observation data (Matthys et al., 2006b; Machault et al., 2010). These datasets
generated represent numeric descriptions of variables affecting households and were
used to examine trends and relationships amongst the variables. The semi-structured
interview was also utilised in the main study as a place-sensitive approach to capture
everyday experiences and used as a backdrop to enhance the explanation of quantitative
findings (Kearns, 1993; Cutchin, 2007; Creswell, 2009). In summary, they were used
for data collection, development of research instruments and explanation of

relationships.

Employing a mixed-methods approach had a number of advantages and disadvantages.

Firstly, it drew on the strengths and minimised the weaknesses of both approaches, and

in so doing, improved the overall quality of the study; but the price of this was that it

was resource-intensive (Johnson and Onwuegbuzie, 2004; Creswell, 2009). The semi-

structured interview helped to fill in missing items of information to explain
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quantitative relationships that otherwise could not be known for specific
ungeneralisable locations (Cope, 2010). | lost information during qualitative to
quantitative data conversion, as well as quantitatively simplifying real-world
complexity (Field, 2010). The questionnaire limited participants’ ability to express their
voices (Tashakkori and Teddlie, 2003). However, these effects were mitigated through

the use of the mixed-methods approach employed in both pilot and main study phases.

4.4  Household scale based approach

Household based approaches is an approach that works “from within” rather than
singling out an individual and work “from without”. It is an approach commonly used in
family well-being, gender relations and income issues by international agencies such as
United Nations and World Bank in developing household based metrics to represent
economic status. The approach has been found to be a more sustaining approach with

huge rewards (Henriksen et al. 2010).

The standard approach focuses on individual experiences of malaria and its risks. Even
though this approach tells the story of individual risks, it neglects the story of the
household from which the individual comes from, a burdened household that often may
experience similar risks and experiences to that of the individual. Thus, while the
household approach diverts from being standard, | use it because it challenges the
intricacies and risks from within and represents it collectively at the household level. In
so doing, | aim to represent the burden and risks at household level irrespective of the

individual members that have recorded the disease.

Thus, | have selected household as the unit of analysis in order to account for the burden
which households encounter when any member of the household irrespective of age
experiences the disease. When malaria or its consequences such as death occurs in any
household member, the household as a whole feels the loss and is thus impacted
emotionally, socially, economically or otherwise, making it a burden for not just the
individual but the household. This approach is thought to offer the advantage of relating
malaria as a burden unto that household and less as an individual experience owing to
the way every member of a household is impacted (socially, financially, emotionally,
psychologically) from the disease irrespective of who gets infected. It looks at the risks
arising from that household and how this could have contributed to the occurrence of

malaria within that household.
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A number of studies in malaria risks have employed this approach successfully. Some
examples are Afrane et al. (2004); Kibret et al. (2010) and Ngom and Siegmund (2010).
These studies have not only represented single or multiple individual accounts of
malaria on a household level, but also developed socio-cultural and environmental risk
metrics used in individual and population based studies at a household scale. The
household approach thus represents risks and occurrence of malaria as a risk to a burden
on the household in a sustaining and encompassing way (Henriksen et al. 2010) for this
research. This is not without its weaknesses such as the difficulties of comparing results

across societies with differing household structures.

45  Pilot Study

The pilot study took place between March and June 2008 (the latter part of the dry and
the early part of the rainy season). It formed an important aspect of my study design
because it served as a platform to identify study locations, develop and test my research
instruments/protocols, evaluate resources needed (human, financial and training needs)
and potential future problems (van Teijlingen and Hundley, 2001). As preliminary steps
to the pilot study, | sought permission through the University of Lagos, Akoka, Nigeria
(Appendix I11) to undertake the study, and obtained permission under the Eko Free

Malaria Project, with the ethical approval attached as Appendix IV."

The pilot study consists of a secondary data collection, pilot test of questionnaires and
administration of semi-structured interviews, development of sampling framework and
analysis (Abate et al., 2013). The secondary data collected are clinical malaria infection,
meteorological and entomological information. | explored the spatio-temporal patterns
of clinical malaria in Lagos state to identify Ikeja and Kosofe LGASs as a location with
elevated disease rates (Chapter Six) and other peculiar ecological characteristics such
that they became the focus for subsequent stages of the research. As secondary data are
often purpose built, I made do with their limitations (Paul White, 2010) and where
possible improved their quality with fieldwork, as performed for the entomological

datasets.

The pilot study was hybrid, in the sense that the semi-structured interview data was used

to develop new questions and improve the quality of the questionnaire (Tang et al.,

*> Though this project has ethical approval which | followed during data collection, I should still have obtained a prior ethical
approval from Newcastle University, UK.
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1995; Imbahale et al., 2010) and the same data on people’s experiences was also carried

forward into the main study (see Figure 11).

| worked with two field assistants with good local knowledge® who were trained on the
theoretical and methodological aspects of the questionnaire, sample recruitment, its
administration and GPS mapping (Imbahale et al., 2010). We worked as a team to pilot
the questionnaires and develop the sampling framework, while I conducted the semi-

structured interviews single-handedly.

4.5.1 Study Population, Sampling Frame and Strategy
The study population is a cross-section of all spouses/heads of households above the age
of 18 years living in Ikeja and Kosofe LGAs. These do not include any who work in this

location but live elsewhere, or visitors within the area at the time of interview.

In the absence of an appropriate sample frame such as a voters’ register (Parfitt, 1997),
for both the semi-structured interview and the pilot questionnaire, we recruited
participants using a combination of a map of the lkeja and Kosofe LGAs (Figure 9), a
list of localities within the LGAs (Figure 9 insert) and local knowledge. We used them
to navigate our way around the locations, identify and select households randomly by
walking along the street; we made an initial visual assessment of buildings and a
preliminary conversation with head/spouses of household to assess their socio-cultural
characteristics and then requested an interview (Marshall, 1996; Malterud, 2001). This
was relatively easy to carry out, as many households in Lagos live an outdoor life, as
shown in Appendix V, where a participant is being recruited. To create a natural
environment as much as possible, all interviews (questionnaire and semi-structured

interviews) were conducted at the participants’ places of residence.

During the fieldwork, we identified/clarified street names, landmarks, features and

boundaries for the development of a map sampling frame for use in the main study.

4.5.2 Semi-structured Interview

The semi-structured interview was a verbal, conversational and informal interchange of
approximately 30 minutes between myself (the PhD researcher) and 18 theoretically
appropriate information-rich participants residing in lkeja and Kosofe and Ikorodu

LGAs. This was to gather information on sensitive and difficult aspects of everyday

'® They were postgraduate students from the University of Lagos who would also participate in the main study.

92



lives concerning malaria in a less intrusive and resource-intensive way than a focus
group discussion (Barriball and While, 1994; Longhurst, 2010).

The participants were selected through a purposive sampling strategy as described in the
previous section. To achieve maximum variation in the sample, these participants had
diverse social, economic and ecological characteristics and resided in different
geographic locations. Thus from the data generated, these participants could be
classified into these sub-categories (Tang et al., 1995; Bryman, 2012). | verbally briefed
participants, requested an opt-in and informed consent using the information sheet in
Appendix VI and proceeded with the interview where applicable using the protocol in
Appendix VI (Valentine, 2001). The socio-demographics of these participants are
presented as Appendix VII.

| utilised a notebook, because despite the participant’s full understanding of the research
objectives, they were still uncomfortable using a tape recorder (Barriball and While,
1994; Corbetta, 2003; Bryman, 2012). The notebook approach was advantageous in this
context because it did not encounter any malfunctions, it was more practicable under
unstable power-supply conditions required to power batteries, replay and make daily
transcriptions, but | faced difficulties with participants who spoke quickly, which may
mean that | missed out important quotes or verbal gestures like sighs (Opdenakker,

2006; Tessier, 2012). However, | followed up any unclear interviews.

4.5.3 Questionnaire Survey

I developed the questionnaire survey, as attached in Appendix VIII, with support from
the Nigerian Demographic and Health Survey (DHS) of 2003 and literature such as
Brieger et al. (2001); Njama et al. (2003); Uzochukwu and Onwujekwe (2004); Isaac
and Adejoke (2007) and Okafor and Odeyemi (2009). The questionnaire was
characterised by multiple choice and some open-ended questions (Njama et al., 2003;
Bryman, 2012), and due to its structured and characteristic close-ended questioning
mode, it could have been restrictive for participants when responding to questions
(Creswell and Plano Clark, 2007; Bryman, 2012). Its mode of data collection was a
paper-and-pencil interviewer-administered process similarly known as PAPIY
(Bowling, 2005). Though this mode is notorious for its cost implications over telephone
or internet modes, it is preferred where lack of literacy limits the study population or

where additional investigations in the households are part of the survey, as in similar

17 Face-to-face verbal interview using traditional paper-and-pencil-interview (PAPI) questionnaires.
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urban malaria studies (Fowler, 2009; Yamamoto et al., 2010). One similar and
important source of data is the Nigerian DHS of 2003 (National Population

Commission, 2004) has a poor spatial coverage and currency for my study area.'®

As shown in Appendix VIII, apart from introductory sections that included overall
information and informed consent, there were five question sections. The first section
on malaria consisted of questions on self-reported malaria in the last month and year in
household population, the time and frequency of occurrence and knowledge, and
mosquito net usage. The second section asked questions on health care facility (HCF)
usage and physical access issues. The third section concerned questions on housing
characteristics and amenities where participants are asked about the condition of
different aspects of their houses. Section four was on economic characteristics and
contains questions on income and assets, while the last section focused on socio-
demographic characteristics. Each page had a comment section to provide feedback on:
a) whether or not participants asked for clarification; b) whether or not participants
provided an inadequate answer that required further probing by the interviewer; c)
whether or not the question posed a difficulty for the interviewer to ask (Fowler, 2009)

and any other comments/questions that might arise.

This questionnaire was piloted and tested for its contents and validity with the aid of
field assistants to 51 participants (spouses/heads of household) from households drawn
from the same population in lkeja and Kosofe LGAs where the main study is to be
carried out. The participant recruitment process was as described in the previous
section. The spouses/heads of households were targeted as the main respondents
because they were considered to be the most knowledgeable and influential in the
household (Fowler, 2009).

4.5.3.1 Sample Size

While information redundancy formed the criteria for reaching an appropriate sample
size in the semi-structured interviewing, for the pilot questionnaire survey three criteria
were paramount in determining the appropriate sample size. Firstly, a sample size
equivalent to 10% of the final sample size of 505™° (Lackey et al., 1998); secondly, a

size that would reveal practicality, logistics, the uncertainty perceived in the study area,

18 There were only three sampling points from the DHS (2003) data covering my proposed study area.

1% The expected sample size without non-response contingency factor was estimated at 316, based on 40 to 71% prevalence rate
information gathered from the WHO Lagos Office and applying a non-response factor of 60% to arrive at 505. More details are
presented under the main study.
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costs, scale development issues and derivation of high-quality parameter estimates
(Mooney et al., 1993; Hill, 1998; Johanson and Brooks, 2010); and thirdly, a size that
would accommodate the anticipated need for field assistants.

We piloted a sample of 51 questionnaires, guided by the above criteria; however, as
none of the literature on sample sizes for pilot studies takes into consideration the use of
field assistants, to achieve this balance, | adopted the following distribution quota: 30
questionnaires administered by the PhD researcher and 21 questionnaires administered
by two field assistants. The division was based on minimum and maximum sample sizes
of between 10 and 30, as recommended by Hill (1998), to allow the PhD researcher to
gain the full knowledge and experience of the pilot study and contribute to
questionnaire development. The additional sample of 21 was piloted by two field
assistants?® for questionnaire development and as part of the training for the main study
phase (Campanelli et al., 1991; Barriball and While, 1994; Hertzog, 2008).

4.6  Data Processing and Analysis of Pilot Study
Two main products emanated from the pilot study; transcripts from 18 semi-structured
interviews and 49 out of 51 completed questionnaires. These were analysed for

integration and improvement of research instruments used in the main study.

4.6.1 Analysing Semi-structured Interviews: Content Analysis

I employed content analysis to transcribe, analyse and interpret the semi-structured
interviews, so that they were integrated in a quantitative form into the questionnaire
survey (Weber, 1990; Bazeley, 2003). This posed as a flexible method using a set of
self-developed procedures to interpret and quantify qualitative text, such as that
generated in open-ended questions, but this process faced loss of information (White
and Marsh, 2006).

The basic principle employed was that many words or phrases emanating from the
transcripts of the interviews were classified under categories based on the similarity of
their meanings. They included working environment, treatment-seeking and
preventative behaviours, treatment choices, risky behaviours and activities,
determinants of first treatment choice and belief. The texts were quantified to numeric
frequencies, and high frequencies meant they were relevant to their particular

categories. | developed new questions for the main questionnaire using the responses as

2 The field assistants were being trained ahead of time to participate in the main study phase.
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answer options in new questions, and where they were of low frequency, classified them
as an “other” response option in the questionnaire. The approach treated qualitative data
in a quantitative manner and generated themes in the interim results — documented in
Appendix IX — that are used to contextualise place processes and explain multivariate

relationships in Chapter Seven.

4.6.2 Analysing the Pilot Questionnaire Survey

The main reason behind piloting the questionnaire was to identify content and validity
issues, as well as identify problematic questions. It was also to give an idea of the socio-
demographic characteristics of the study population to guide the selection of a study
sample during the main study. As this pilot questionnaire survey is not the main study, |
analyse and present only interim results so as to give us background information on the
accessibility rates and socio-economic groupings of the sample population as presented
in Appendix IX.

4.7  Feedback from Pilot Study

This section documents the feedback and experiences from the pilot study likely to
affect the main study. They include accessibility, non-responses, sensitive questions,
social desirability, time constraints, and carrying out the work under the Eko Malaria
Project.

4.7.1 Accessibility and Barriers

Eighty-eight households were visited for the pilot questionnaire survey; 51 participated,
of which two dropped out because they found some questions too personal. Twenty
households were approached for the semi-structured interview and 18 responded; there
were no drop-outs. Households of a high socio-economic class mainly resided in gated
communities that were often within mixed-income areas, making access to them
generally difficult due to private, strict security services that spanned the area (see
Appendix X). There was generally better access to medium and low socio-economic
class households because most people lived an outdoors lifestyle, as referred to earlier
(see Appendix V). Nigeria is a country with distinct ethnic groups that can often
influence access to certain communities. Though Lagos state is a cosmopolitan urban
area, this distinctness is maintained, often reflected in residential patterns such that
access to these communities can be influenced by cultural preferences. Even though I
had knowledge of Yoruba, the main language spoken in Western Nigeria and Lagos,

from the pilot study I realised that the communities were more heterogeneous than |
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imagined, and knowledge of Yoruba was not always enough to penetrate and work
within some communities. There were also issues of timing and household availability;
many working household heads/spouses were scarcely available for weekday
interviews. These were major considerations, requiring the need to employ field

assistants with diverse characteristics and flexibility.

4.7.2 Difficult and Sensitive Questions

A number of the participants had difficulties responding to questions on income and
expenditure, housing characteristics, health status and service usage such that the
participants were uncooperative or interviewers had to probe further. For example,
questions pertaining to housing/economic characteristics: “How much rent do you
pay?”, “How much do you earn in wages?”, “What is the condition of your wall?”,
“What is the condition of your roof?”, “Has anyone in your household experienced

T

malaria last week or in the last year?”, “What health care facility do you use?”, “Any
open drains?”, etc. Some participants found them too personal, were put off by the
questions, not willing to share the answers or did not know, just as Rutstein and Johnson
(2004) noted when asking about the exact incomes of household members. This often
led to incomplete questionnaires, non-responses to particular items and even social
desirability issues. | recorded a 30% non-response rate for the questions on malaria
occurrence and asset ownership a 32.7% non-response rate for the question for rent;

33% for that on land and property ownership; and 67.3% for that on income.

4.7.3 Working Under the Eko Free Malaria Project

Undertaking this research under the Eko Free Malaria Project had its positive and
negative aspects. While it permitted me to undertake my pilot study in Lagos state and
have access to data on malaria and relational variables, it sometimes had consequences
for the way we were viewed during fieldwork. We had to give more explanations to
clarify our status. This sometimes meant spending a longer time with each participant
and could also have had consequences for the response rates of some of the questions
posed from the questionnaire survey. However, it was still positive in providing local

access into communities, and secondary data sources.

4.7.4 Political Context
One important observation noted during the pilot study was that the current government
had ongoing projects (road expansion, development of public transport infrastructure

and parks) as shown in Appendix XXII, some of which were carried out in Oshodi,
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Ikeja and Kosofe LGAs. This meant that residents lost their homes. There was limited
knowledge about which areas would be affected in the future, and as such, many
communities were transient. There was a lot of uncertainty while planning for the main
study. This local context affected the non-response factor to be incorporated in the final
sample size and the need to use field assistants to ensure that the main study was

completed in a shorter time than originally planned.

4.8 Secondary Data Sources

In this study, | gathered data on malaria infection, meteorological, entomological, GIS
and remote sensing data from a range of governmental and non-governmental sources.
As noted by White (2010), while data from these sources are extensively calibrated and
robust due to the financial investment on the part of the institutions, they are often a
subject of manipulation and collected at spatial scales that may not suit the researcher’s
needs. In this section, we discuss only the malaria infection and meteorological datasets.

Others will be discussed separately.

4.8.1 Clinical Malaria Infection Data Collection

The Lagos State Ministry of Health’s (LSMoH) health care facilities (HCFs) register,
describing the reporting capabilities of all private and government facilities, revealed
that only 25 government HCFs at secondary and tertiary levels had the capacity to
gather and report data as shown in Figure 12. As this situation was confirmed by further
fieldwork, | designed the data collection efforts to gather all monthly malaria infection
data from these HCFs assigned to LGAs in Lagos state between 2000 and 2009 (Figure
12). The purpose was to use the data to identify LGAs with elevated malaria incidence
rates that would form the focus of further investigations in this study. Incompleteness of
data has consequences for robustness and true representation of disease levels. Such

quality issues have been encountered by Chilundo et al. (2004) in Mozambique.
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4.8.1.1 Data Collection Strategy

I designed the data collection system to be based on all monthly malaria infection data
(in and out patients) for all 25 HCFs for the period 2000-2009%!. These were retrieved
from their archived paper/file storage — not the sophisticated database reporting system
used by health systems in developed countries (Klein and Bosman., 2005) — and
abstracted manually using the data entry template | designed for this purpose. These are
presented in Appendices XI and XIlI.

The data entry templates take into account the layout of the source material the
International Classification of Diseases and Related Health Problems (ICD & RHP)
register used by LSMoH, the precision level of malaria data available and the need to

minimise data entry error.

Due to access restrictions to the data by the LSMoH, | worked in a team with two
medical records officers assigned to me for the data abstraction exercise. They
underwent one day’s training on data entry expectations and standardisation to minimise
errors and clarification.?? All data entry and clarification tasks were shared amongst the
team. Often, though, the data abstracted was mostly aggregated, as reported by the
HCF, and not as precise as the requirements of the template in Appendix XII.

There were consequences for data entry errors and a time delay using the hand copying
approach (Gimbel et al., 2011). As a quality control measure, | reviewed all ICD &HRP
registers for inconsistencies in data reporting, and we performed spot checks of data
copied between ourselves. Where inconsistencies arose in the data, we clarified them
with senior members of staff and where necessary undertook a further clarification by
visiting the HCF. Though we had quality checks in place to address entry errors,
preliminary quality assessment showed that there were still many missing values from
many HCFs; newly registered HCFs did not have data spanning the whole period from
2000 to 2009, limiting research on space-time patterns to only 14 HCFs out of the
original 25 with data-reporting capacity, and data was often not as precise as the details
in the templates. This data was subjected to further quality assessment, as described in

the next section and presented in Chapter Five.?

21 N.B There are only 25 HCFs with data reporting capability, the private HCFs do not have the capacity and are not mandated by
law. Thus the focus is the 25 data reporting HCFs in LSMoH.

2 The training included how to use the data templates for data entry, dealing with missing data, zero values, cross checking, use of
symbologies including dash signs, ascertaining non-occurrence of malaria and aggregate values.

% The quality of this data and reporting system is discussed in full details in the next chapter.
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4.8.2 Collection of Malaria Infection Quality Indicator Data

During the malaria infection data abstraction, | gathered responses to theoretically
relevant summary questions and performed tasks through two protocols, the systems
assessment protocol (SAP) (Appendix XIII) and the data verification protocol (DVP)
(Appendix XIV) adapted from the Global Fund to Fight Aids, Tuberculosis and Malaria
data quality assessment strategy (GFATM, 2009). The approach focuses on assessing
the system that generates the malaria data as well as the data itself. By the observation
of work practices, review of existing documents including disease registers, and
informal interviews with medical record officers, heads and staff at the secondary health
care facilities, also known as service delivery sites (SDSs), and reporting units, we
gathered information on nine quality indicators: accuracy, completeness, reliability,
consistency, timeliness, confidentiality, precision, accessibility and availability. The
interviewing and data-gathering processes were informal but focused everyday
conversations and enquiries as employed by Chilundo et al. (2004) and the (GFATM,
2009). The idea was to respond to the set of summary questions from SAP and DVP.

The effort to achieve this objective is discussed in details in Chapter five.

4.8.3 Meteorological Variables Data Collection

Data on meteorological variables, such as monthly data on total rainfall, mean monthly
temperature and relative humidity, sunshine duration and number of rain days for 2000
to 2009 were gathered from the meteorological station in lkeja Airport (meteorological
station is shown in yellow in Figure 13; Ikeja/Kosofe study focus area in purple)®* with
the purposes of examining its relationship with malaria infection data obtained from
reporting HCFs in Ikeja and Kosofe LGAs under multiple time-lag scenarios® (Ye et
al., 2008). As this data has been gathered in months it does not allow the consideration
of shorter time-lags, such as nine or ten days, that are of greatest biological importance
for the development and survival of the anopheles and parasites (Macdonald, 1957,
Teklehaimanot et al., 2004).

4.9  Data Processing and Analysis
This section is concerned with methods used in the processing and analysis of malaria

infection and climate data towards the achievement of the research objectives.

** |keja meteorological station is the only station generating climate data for the study area.

% There are significant climatic variations across Lagos state as well as data quality issues with climate and malaria data, including
that of scale, which would affect the outcome when data is averaged and explored on a state-wide basis. To address these, | have
therefore focused on lkeja and Kosofe LGAs, which do not only have complete and reliable datasets for malaria from their HCFs
but also a local meteorological station as a location of interest for this research work.
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4.9.1 Exploration and Visualisation of Space-Time Patterns of Malaria Infection

As a first step, all malaria infection data from the HCFs were reviewed, updated for
missing values where possible, integrated and joined with the unique IDs of the HCF
spatial database within the ESRI ArcGIS 10.1 software. | explored and detected space-

time patterns from the resulting spatio-temporal database using GeoTIME software.

| used GeoTIME software which utilises a density-based algorithm to detect elevated
disease incidence rates in georeferenced malaria-infection time-series data. The
algorithm is flexible and can work without specifying an a priori cluster threshold, and
where defined can be done in a non-probabilistic or non-statistical manner, unlike other
statistical or model based approaches such as space-time scan statistics, Bayesian
modelling (Kearns and Joseph, 1993; Robertson et al., 2010; Cromley and McLafferty,
2012). It is this unique characteristic of visualising spatial and temporal patterns in one
view and analysing trends in a non-probabilistic manner in one interface that makes it
different from other spatial only (e.g spatial autocorrelation) or spatio-temporal methods
(Oppong and Harold, 2009) mentioned earlier and thus, a choice for this thesis. This
non-probabilistic approach, though suitable for the exploratory aim of this thesis, cannot
statistically verify areas identified as having elevated disease incidence, particularly
where large differences in distances and densities occur in the datasets. This is mediated

by defining multiple density thresholds according to the characteristics of the data.

4.9.1.1 Space-Time Clustering Criteria Process in GeoTIME

To examine space time clustering in GeoTIME, we may or may not define a priori
density criteria as noted in the section before. Where we do not define a priori, the
software reads and understands your data to detect likely clusters.

Due to the nature of my data which is characterised by high and low values as well as
missing data, that are likely to lead to unstable results, | chose to predefine multiple
density thresholds based on the characteristics of my data. In this case, | define a
threshold in terms of number of cases (here derived as the incidence rate), temporal
search axis and the spatial extent. | derived incidence rate using the formula:

Number of new cases per given month

Incidence rate per 1000 = - - - - x 1000
Population size at risk per given month

Source: Boyle and Parkin (1991)
Equation 2: Formula for incidence rate
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Where:

e Number of new cases: Number of malaria cases per HCF per month

e Population size at risk: Total number of patients visiting the HCFs per month

In the absence of appropriate population-at-risk data, | standardised the number of
malaria cases reported at these HCFs (numerator) using the total number of patient
visitors per month per health care facility as denominator as used by Gething et al.
(2006) under similar circumstances. This accommodates small-number problems so that
HCFs and LGAs with few patient visitors are not ignored in the analysis. In doing this, 1

derived values for monthly malaria incidence rate using Equation 2.

While some studies state 1 in 10,000 (0.1 per 1000) cases of malaria per annum as a
situation of stable malaria transmission®®, or 1 in 1000 for malaria-endemic areas of
which Nigeria is part (Snow et al., 2008; WHO, 2012a), | have found these still too low
for Lagos, where transmission is high all year round. According to the WHO (2006),
there is yet to be a criterion set for differentiating levels of malaria transmission
intensity; therefore, | explore the summary statistics (mean, median and upper inter
quartile range value) of the malaria incidence rates to arrive at three rates that likely

depict the true incidence level in the study location.

| derived median, average and upper quartile incidence rates across the period 2000 to
2009 for each HCF. | found the average across HCFs for each of these summary
statistics to arrive at a median standardised malaria incidence rate (42 per 1000);
secondly, the average rate (71 per 1000); and thirdly, the upper quartile rate (180 per
1000 as highest). | utilised these rates as a benchmark to identify HCFs that report

within and above it.

For time definition, | extended the search to search for infection rates (42, 71 and 180
per 1000) that occur in five consecutive months during the period 2000-2009 such that
any HCF showing this trend will be targeted. | have employed five months based on the
time period for stable malaria as defined by Craig et al. (1999) to depict minimum
period to characterise regions with stable malaria transmission. | defined a distance of
10km based on the outcome of exploring the HCFs spatial extent and study-area
coverage such that the focus is on the HCFs in urban centres. HCFs serving peripheral
or what are called peri-urban, locations such as Ikorodu, Epe, Badagry and Ibeju Lekki

% Under stable malaria transmission, malaria is endemic and occurs in high levels across seasons.
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LGAs are excluded from the analysis. The strategy searches for the defined infection
rates in any consecutive blocks of data in 5 months across 120 months (year 2000 to
2009). What this means is that it searches for the occurrence of malaria up and above
defined incidence rates (thresholds) in any consecutive 5 months across 120 months
irrespective of when it occurs for each HCF. As long as a HCF has shown a particular
threshold figure in any of the five consecutive months, this will be detected by the
software. For example 5 months’ time period may occur between June and December
2007 in HCF 1 while in another March to August 2001 in another and October 2002 to
March 2003 for another etc. The flexibility of using 5 months accommodates the
extremes of missing data such that analysis is applied on consecutively occurring
datasets of 5 months minimum irrespective of when the 5 months occur in the datasets
of 120 months.

The results of this effort presented in 2D and 3D using GeoTIME geovisualisation
methodology using space and time interfaces is shown in Chapter Six. The size of a
symbology reflects the incidence of clinical malaria infection per month per HCF. The
areas with HCFs with an elevated incidence of 180 per 1000 and above are selected in

order to be further considered, together with their ecological characteristics.

It is important at this time to point out that the datasets available for this research are
limited in spatial and temporal coverage in several ways. Firstly, the availability of data
had consequences such that the geographic location of clinical malaria observations
were recorded only at the place of reporting and not the place of occurrence, meaning
these data are not tied to or related to the residences of patients who visit the HCF.
Secondly, it is not sample data but data available for government HCFs with data-
reporting capability in Lagos state covering the years 2000 to 2009 and this does not
include private HCFs or newly registered HCF. Thirdly, this dataset is characterised by
missing values, and as a result, incidence rates for certain months can be missed but the
criteria definition used in this analysis only selects clustering limits that occur in five
consecutive months which do not necessarily have to be same time for all HCFs and
thus minimising this effect. These limitations in my datasets had consequences such that
the results produced may not be generalisable. This exploratory stage of the thesis to

select a study area for in-depth study is presented in Chapter Six.
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4.9.2 The Relationship between Malaria and Meteorological Variables

Across the literature, there has not been a consensus on the most valuable representation
of climate condition, as studies have used mean, minimum and maximum measures of
the meteorological variables derived daily, weekly, monthly, seasonally and even
annually (Craig et al., 2004b; Ye et al., 2008; Oluleye and Akinbobola, 2010; Tay et al.,
2012) and assessed its indirect impact on a range of malariometric indices. In these
studies, both statistically significant and non-significant relationships have been
recorded. Meaning significant seasonal variation in malaria induced by seasonal

changes has occurred in some study instances with the type of measure utilised.

In this research, | have thus exploited the indirect relation between meteorological
variables and malariometric indices, as Ye et al. (2008) and Zhang et al. (2010) have
done, to assess and identify significant associations. Precisely, |1 focus on monthly
clinical malaria infection data from the HCF in Ikeja and Kosofe LGAs and monthly
meteorological variables: mean monthly temperature and total monthly rainfall (Ye et
al., 2008; Li et al., 2013); monthly average relative humidity (Zhang et al., 2010; Li et
al., 2013); total monthly hours of sunshine (Akinbobola and Omotosho, 2011; Li et al.,
2013) and number of rain days (Akhtar and McMichael, 1996; Patz et al., 2003) where
statistically significant relationships with malaria have been found with seasonal
changes in climate despite the locations having thresholds climatic conditions that
sustain vector survival and thus abundance. The studies by Ye et al. (2008) and Tay et
al. (2012) showed that even with climatic conditions being constantly above threshold
needed for vector survival, the statistical significances of the relationships continued to
change from the point of optimum climatic condition to the point where climatic

conditions are least suitable for vector survival and possibly malaria incidence.

The meteorological variables were obtained from the station at lIkeja International
Airport (see Figure 13), cleansed and then processed into appropriate databases. This
location was selected as an area for further in-depth analysis based partly on the
preliminary findings from exploring locations where HCFs reported elevated malaria

incidence rates over space and time (see Chapter Six for details).

As an initial step, | defined four time-lags restricted by the monthly temporal resolution
of the clinical and climate datasets. Time-lags are important because they model the
time required for climate to settle in and impact on the anopheles mosquito and parasite

in the way described next. During this time period the following may happen: climate
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may have an effect on anopheles, human bite and possibly translate to malaria where
human behaviour permits. For example, under an appropriate temperature (16 to 35°C)
(Macdonald, 1957; Craig et al., 1999; Service and Townson, 2002), the right amount of
rainfall (80—-100mm) (Craig et al., 1999; Ye et al., 2008) and intensity and relative
humidity (at least 60%) (Craig et al., 1999; Ye et al., 2008) create suitable breeding
habitats, which determine the duration of the life-cycle and in turn the abundance of the
vector during an appropriate time lag. The time-lags utilised are no time-lag, and one
month’s, two months’ and three months’ time-lags modelled as periods required for the
mosquito life-cycle, parasite development, time from adult first bite to time of
infectious bite, and incubation period in a human host under conditions where optimal
temperature of 28°C is assumed to occur as similar to temperature conditions and
seasonal variations that often occurs at certain times in my study area as effectively
applied and tested by Craig et al. (2004b), Teklehaimanot et al. (2004) and Zhang et al.
(2010) to accommodate ad model climatic conditions that sustain vector habitats, their
abundance, and thus implications for disease spread in similar ecological conditions.

Firstly, | applied descriptive statistics to summarise the meteorological and malaria
datasets, | then used graphs to depict patterns and qualitatively describe trends in both
datasets without quantification (Field, 2010). Thirdly, I conducted a time-lagged
correlation analysis between meteorological variables and clinical malaria as used by
Zhang et al. (2010) in similar research. I used SPSS version 21 analytics software to

undertake these analyses.

410 Main Study

The focus of this section is to describe efforts used to gather data on urban malaria risks
in a cross-section of households in the lkeja and Kosofe LGAs between June and
October 2010. The location selected for in-depth studies has been described earlier and

the mode of selection is presented in Chapter Six.

The research design is theoretically based on the human ecology of disease and | have
translated the facets of the framework into two broad classes of behavioural and
environmental variables (built and physical), as shown in Figure 8 (Chapter Three),
with household as a study unit to represent population, and health represented by the
occurrence of malaria. The hypothesised variables are further broken down in Table 3.

A number of risk variables emerged from the review of literature and knowledge of the
case study location to be tested in my study and there are presented in Table 3 showing
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the direction of relationship with malaria. According to the literature review,
occupation, religion, animal presence, room density, condition of wall have had both a
positive and negative impact while wealth, education of head of household, preventative
behaviour and household size also have reported a positive and negative influence and
in some instances studies reported that these variables did in fact not have any impact at
all on malaria. Other risk factors like being a vulnerable person (pregnant women,
children and non-immune travellers), proximity to urban agriculture, presence of
stagnant water and vegetation, water storage and NDVI are associated with increasing
malaria risks and are hypothesized to follow similar directions in this research.
Topographic characteristics like elevation from literature are inversely related to malaria
but in areas with diverse topographic characteristics. The higher the elevation, the lower
the risk of malaria and this is same direction with slope as the greater the slope the less
the potential for malaria breakout. In lowland areas, just like my study location they are
non significant. However, | find it useful to examine elevation given that it has not been
examined in an urban location and areas with elevation below sea level as well as slope

as this is suggested to be more suitable for low lying areas.

From my knowledge of Lagos state, | note that working at night including participating
with social activities and the condition of mosquito protection are important risk
conditions that can lead to a household being infected with malaria. | also note ethnic
tribes residing in Lagos which has not been examined in any of the literature reviewed.
This is because | suspect that some tribes like the Aworis who site their homes beside

open water (a confirmed vector breeding habitat) may be susceptible to malaria.

Even though some variables mentioned earlier are inconclusive about the direction of
relationship with malaria due to the often mixed impacts recorded. | still consider them
in my thesis by explaining and exploring them to be important in creating knowledge on
the ecology of urban malaria and also of this location, given the limited knowledge on
it. Through this, | identify important variables to further the understanding of the
disease in this location. | develop research instruments to gather data that represent them
so as to explore as well as confirm their empirical relationships with the burden of

malaria on households.
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Table 3: Risk of malaria in households and their independent risk variables

Risk Factor Definition of Measure and Indicator as used in Analysis Reference Direction of
Relationship
Dependent Risk of malaria in Risk of malaria in Occurrence of malaria or febrile illness for any member of the Afrane et al. (2004) Not applicable
variable household household household in the last year
Independent Behavioural (Socio- Occupation Rank of occupation of head of household Yapabandara and Curtis (2004); Peterson et al. (2009); 1l
Risk Variables cultural Environ- Occupational Household with adults working at night without mosquito Ferreira et al. (2012); field work FW
ment) exposure protection
Wealth Wealth index based on assets ownership Baragatti et al. (2009) 1 I NS
Education Level of education of head of household Keating et al. (2005) 1L NS
Ethnicity Tribal class and main language spoken Okwa (2003); Ye et al. (2008); Phillips et al. (2009); Peters | 1
(2010)
Religion Religion practised in household Peters (2010); Oresanya (2008) |
Preventative Usage of window and door mosquito net, actual usage of ITN the Njama et al. (2003); Saeed and Ahmed (2003a); Alemu et INS
behaviour night before the interview and use of insecticide/pesticides al. (2011)
Level of knowledge Knowledge of symptoms, knowledge of cause Njama et al. (2003); Saeed and Ahmed (2003a); Alemu et INS
al. (2011)
Household Occurrence of child aged five and below in household WHO (2012a); Peterson et al. (2009) 1
vulnerability
Belief Occurrence of a belief factor Saeed and Ahmed (2003a); Peters (2010) NS
Travel History Travel to rural area in the last year by any household member Meade (1977); Ng'andu et al. (1989); Baragatti et al. (2009) | 1
Environment (Built) Agriculture Proximity to urban farmlands and animal husbandry Afrane et al. (2004); Klinkenberg et al. (2005) 1
Place of residence Residing in either Ikeja or Kosofe LGA Ye et al. (2008) NS
Room density Number of persons per room in house Clark et al. (2008); Ayele et al. (2012) 1l
Housing Condition of wall Peterson et al. (2009); Ye et al. (2008); Deressa et al. !
characteristics Condition of mosquito protection (door and window net) (2007); field work FW
Homestead risks Open drains with water Peterson et al. (2009) i
Presence of bushes, grass, gardens and farmland (any vegetation) 1
Water storage Storing water in the house Matthys et al. (2006h) i
Household size Number of persons in household Alemu et al. (2011); Ernst et al. (2009); Siri et al. (2010) 1 INS
Animal presence Presence of livestock or domesticated animal Yamamoto et al. (2009); Siri et al. (2010) 10
Environment Vegetation cover and Mean Normalised Difference Vegetation Index (NDVI) value Machault et al. (2010) 1
(Physical) Climate within 200m buffer of household location
Water bodies Proximity to open water bodies Peterson et al. (2009) |
Mosquito vector Proximity to vector habitat Machault et al. (2010) l
habitat locations
Topographic Mean elevation value within 200m buffer of household location Myers et al. (2009); Cohen et al. (2010); Nmor et al. (2013) | | NS
characteristics Slope value within 200m buffer of household location INS

NS: Non-significant FW: Fieldwork 1: Positive |: Negative
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| used a questionnaire survey, direct observation protocol, GIS and remote sensing
methods to gather these data on health, population, behavioural and environmental
variables from a sample of households (Eisele et al., 2003; Ye et al., 2008; Machault et
al., 2010; Krefis et al., 2011). During the data collection, the GPS coordinates of each
household interviewed and agriculture locations was obtained using an Etrex Garmin
GPS receiver (Ye et al., 2008). Each household was given a unique identifier
synonymous to the identifier used to store the geographic coordinate in the GPS
receiver (Ye et al., 2008).

4.10.1 Preparatory Phase and Implementation of Pilot Study Feedback

Flexibility has been cited often as the watch word in development research just because
of the often unpredictable circumstances that may arise when working in sensitive areas
or under political instability in developing countries (Nash, 2000; Scott et al., 2006;
Scheyvens, 2014). Based on the experience from the pilot study and experiences of
Scott et al. (2006) in doing development field work, | noted and implemented some
improvements. Particularly, 1 was open to flexibility and the need to adjust my
strategies as the fieldwork progressed and where needed.

As this main study is a much larger project, | requested ethical clearance from the
Federal Ministry of Health (FMoH) under the National Health Research Ethics
Committee of Nigeria (NHREC) (see Appendix XV). | also obtained ethical clearance
from Newcastle University (see Appendix XVI). | sought additional permission from
the local community and traditional leaders (Baales, Chiefs, Obas) to undertake the

household survey in their local communities.

| developed the direct observation protocol (see Appendix XVII) as a new research
instrument following the reaction to questions on housing characteristics and conditions
in the pilot study and literature such as Ye et al. (2008), Githinji (2009) and Yamamoto
et al. (2010). It is used as a guide to directly observe the conditions of building walls,
roofs, mosquito protection and environmental conditions in each household in a
structured and consistent manner. The information gathered is dichotomous in nature on
the presence or absence of various housing quality and environmental characteristics

used to represent the built environment.

I improved on the questionnaire in a number of ways. | developed new questions from

the results of the semi-structured interviews and local experiences pertaining to

treatment-seeking behaviours and their influences, preventative behaviours, beliefs,
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treatment types, risky behaviours and habits generated by predetermined categories and
new ones formed through content analysis as described earlier. | used the qualitative
responses to create new quantitative close-ended questions with answer options (Tang et
al., 1995). Others include details on pregnant women and non-immune travellers, travel
patterns and the participants’ contact details. | improved question layout and wordings,
added new questions, eliminated irrelevant ones, added quality checks and additional
instructions. For example | eliminated assets such as bicycles and grinders and added
use of security guards and foreign summer holidays identified to be of local relevance to

define wealth.

The experiences from the pilot study re-affirmed the need to use more field assistants
for the following reasons. | noted the time required to complete a questionnaire (30 to
45 minutes); the complexity of the questions, the need to probe in some circumstances
and poor literacy rates, despite being an urban location (see Table 2);%" the complex
sampling design that would be used in the absence of an exhaustive list of households;
the need to enlist cooperation and overcome unfamiliarity shown by participants in
research issues and interviews in Nigeria, as noted by Peil et al. (1982). | also noted the
need to minimise workload for the proposed sample of 505 households and, in turn,
interviewers’ errors (Fowler, 2009), particularly in order to overcome some of the
difficulties anticipated in the main study such as working under the constraints of time,
health and safety and political context, which were additional controlling factors; to
respond to language barrier and cultural sensitivity issues; and the execution of a multi-
method household survey involving questionnaires, GPS mapping and direct

observation data collection methods.

To minimise access issues in working households | ensured that data collection would
be carried out during weekdays and weekends; and in the gated communities, we
employed local help and where necessary | visited these areas personally. Though the
main target was heads of households/spouses | bore in mind that it might not always be
easy to reach them and in their absence we interviewed an alternative adult (over 18

years) in the household.

I also sourced georeferenced entomological dat