
Abstract
Rapid urbanisation, particularly in secondary cities in Africa,

brings along specific challenges for global health, including the
prevention and control of infectious diseases such as diarrhoea.
Our purpose was to visualise urbanisation trends and its effect on
risk factors associated with childhood diarrhoea, e.g. water supply,
sanitation, wastewater and solid waste management in Mbour, a

secondary city in south-western Senegal. Our visualisation is
facilitated by epidemiological and geographical surveys carried
out in 2016. A deeper spatial and visual understanding of the
urbanisation trends and the disparities of diarrhoea-associated risk
factors might lead to the implementation of suitable health inter-
ventions and preventive measures. Our visualisation is aimed to
serve as a basis for discussion and as a decision support tool for
policymakers, municipal officials and local communities to priori-
tise interventions related to water, sanitation and waste manage-
ment with a view to reduce the environmental and health risks in
the rapidly growing city of Mbour, which is set as an example for
other similar secondary cities across low- and middle-income
countries in Africa.

Introduction
The world is becoming increasingly urban, a process that has

accelerated since the industrial revolution that commenced in the
late 18th century (Neiderud, 2015). For instance, in 2016, 3.8 bil-
lion people were concentrated in urban settings, thus accounting
for approximately 54% of the world’s population (UN, 2015). A
further increase in urban population growth is expected in the
coming decades, particularly in Africa and Asia (UN, 2015).
Africa’s population might rise to 2.4 billion by 2050 and 56% of
this population is expected to live in urban settings (UN, 2015). In
West Africa, the second fastest growing part after East Africa on
this continent, two-third of the population are expected to be urban
dwellers by 2050 (UN-HABITAT, 2014).

An important feature of rapid, urban growth is the dispropor-
tionate expansion of secondary cities, which are also known as
medium-sized cities, a term popularised by Rondinelli in the
1980s and now commonly used to describe the second level in the
hierarchy of cities below the primary level (i.e. big city)
(Rondinelli, 1983). The definition of a secondary city is contextu-
al: it can relate to population size, function, urban hierarchy as
well as its economic and social structure. Rondinelli’s definition
has secondary cities as urban settlements with a population of at
least 100,000 that does not include the big cities in a country,
while UN-HABITAT defines it as an urban area with a population
of between 100,000 and 500,000 (UN-HABITAT, 1996;
Rondinelli, 1983). Today, secondary cities range in population
size from a few hundred thousand to several million. There are
more than 4,000 cities in the world with a population exceeding
100,000 people and this number is expected to increase to 6,000
by 2050 (Angel, 2012). Nearly two-thirds of the world’s sec-
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ondary cities are currently located in Africa and Asia (World Bank,
2009).

African cities pose particular challenges to global health not
only due to the high rates of urbanisation, but also because of
unplanned settlements. As a result, environmental risks and health
disparities are widening, both in terms of infectious diseases (e.g.
diarrhoeal diseases) and non-communicable diseases. Risks to
human health are accentuated in the urban environment where
population density is high and the likelihood of exposure to disease
equally high (Satterthwaite and Bartlett, 2017). For many of the
rapidly growing secondary African cities, the absence of basic ser-
vices, such as access to safe drinking water and sanitation, afford-
able housing and waste management, is particularly severe for the
poorest and most marginalised communities (UN-HABITAT,
2014). In 2015, it was estimated that 319 and 695 million people
in sub-Saharan African still used below-standard sources of drink-
ing water and unimproved sanitation, respectively
(WHO/UNICEF, 2015). This is a particularly pressing problem
where the urban informal settlements are growing faster than the
ability of administrations to provide the basic services can cope.
Lack of such services affects the health and wellbeing of people,
mostly children under the age of 5 years leading to increased health
risks and vulnerability. Resulting global health challenges include
the control of infectious diseases such as diarrhoeal diseases (GBD
2015 DALYs and HALE Collaborators, 2016).

According to the World Health Organization (WHO, 2017),
infectious diseases are still a major public health problem in
African cities. The three main causes of death in these settings are
infectious diseases, namely lower respiratory infections, diarrhoeal
diseases and tuberculosis (TB) (WHO). Diarrhoea is one of the
infectious diseases most responsive to environmental and socio-
sanitary risk factors. Globally, diarrhoea caused 1.4 million deaths
in 2015, and children under the age of 5 years are the most affected
age group with one in 10 childhood deaths due to diarrhoea (WHO,
2017). Nearly half of this diarrhoeal burden occurs in Africa and
Asia, classified at the same time as the most rapidly urbanising set-
tings (WHO, 2017).

In Senegal, a country where secondary cities struggle to pro-
vide basic services, diarrhoea is the leading cause of death among
children under the age of 5 years, responsible for 14% of total dis-
ability-adjusted life years (DALYs) in this age group (GBD 2015
Child Mortality Collaborators, 2016; GBD 2015 DALYs and
HALE Collaborators, 2016). Of note, Senegal’s urban population
has doubled in the past 60 years; it was 23% in 1960, 45% in 2013
and is projected to reach 60% by 2030 (World Bank, 2016). In the
Senegalese context, urban is defined as a city of 10,000 people or
more.

Although prior research has investigated the interactions
between urbanisation, environment and health, little is known
regarding urbanisation and its health effects in secondary cities
since most of this research was conducted in big cities. Hence, the
aim of the present study was to expand our understanding of urban-
isation trends and its effect on risk factors for diarrhoea in the sec-
ondary coastal city of Mbour in south-western Senegal. The fol-
lowing questions guided our vHealth contribution: i) what are typ-
ical urbanisation trends and how does urbanisation affect risk fac-
tors for childhood diarrhoea? ii) Are risk factors for diarrhoea
among children below the age of 5 years in Mbour spatially clus-
tered? iii) What are the priority interventions that can reduce the
burden of childhood diarrhoea and which are the high-risk areas?

Our study was carried out in the Senegalese city of Mbour

located near the Atlantic Ocean in the region of Thiès (Figure 1).
We employed a multidisciplinary approach, including a literature
review, a cross-sectional epidemiological household survey,
microbial water sampling and a geographical survey facilitated by
global positioning system (GPS) data collection to locate the major
environmental risk factors and a questionnaire interview with
urban planners on the spatial expansion of the city. We carried out
a cross-sectional epidemiological survey with spatial random sam-
pling between September and October 2016. A total of 800 house-
holds were sampled and distributed in the four zones, which repre-
sent the socio-spatial heterogeneity of the city: Urban Central
Areas (UCA), Peri-Central Areas (PCA), Northern Peripheral
Areas (NPA) and Southern Peripheral Areas (SPA). Households
were randomly selected within the aforementioned zones. A two-
stage procedure was used to identify households with children
under the age of 5 years. We allocated the targeted sample to each
zone in proportion to its population and allocated the targeted sam-
ple of each zone in the entire neighbourhood, which allowed cov-
ering the whole city in order to better analyse the disparities. The
survey comprised two components: i) a tablet-based questionnaire
yielding information on water, sanitation and hygiene (WASH) and
diarrhoea occurrence among children; and ii) collection of water
samples to determine microbial contamination of stored drinking
water at home. A membrane filtration method was used to detect
Escherichia coli and faecal coliform bacteria in households that
stored drinking water. For the geographical survey, a Garmin GPS
device (eTrex® 30; Garmin Ltd, Olathe, KS, USA) was used to
locate environmental factors at the community level, such as wells,
stagnant wastewater points, solid-waste dumping, potential flood
areas and stagnant rainwater points. Applied software packages
were: Microsoft Power Point 2010 (Microsoft Corporation;
Edmond, WA, USA) for content visualisation including geospatial
components; ArcGIS version 10.2.1 (ArcMap; ESRI; Redlands,
CA, USA) for map production; Camtasia Studio version 9
(TechSmith Corporation; Okemos, MI, USA) for production of
video for Internet streaming (Goolge Earth Pro, version
7.1.2.2041; Google Inc.; Mountain View, CA, USA).

The demographic and spatial data showed an exponential pop-
ulation growth followed by a rapid spatial expansion of the city
from 1922 to date resulting in the creation of neighbourhoods with
poor environmental conditions with regard to safe water and sani-
tation. Since its creation in 1926 as a colonial trading port by colo-
nialists, the population of Mbour has grown rapidly and steadily
increasing from 1,700 in 1926 to 18,600 in 1966 and from 170,436
inhabitant in 2002 to 232,777 inhabitants in 2013 (ANSD, 2014).
This rapid growth resulted in an important spatial expansion,
which increased the city surface from 175 ha in 1945 to 894 ha in
1976 and on to more than 1,300 ha in 2012. This expansion had
considerable consequences with respect to urban planning. The
city is facing a deficit of urban infrastructure and poor service
delivery, such as affordable housing, access to safe drinking water
and improved sanitation, as well as domestic wastewater and solid-
waste management. An important unequal distribution of urban
basic services in space and time was observed. Differences con-
cerning the access to drinking water were observed, with very low
rates of connection in the new neighbourhoods with an inexistent
rate of connection in Baye Deuk, and variable rates in other neigh-
bourhoods located in the peri-central area.

The findings from the cross-sectional household survey
showed an insufficiency in clean water access, hygiene and sani-
tary systems in Mbour that foster diarrhoea transmission pathways.
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It showed that only 58.6% of the surveyed household were con-
nected to water networks with significant disparities between
zones and neighbourhoods. Less than half (40.5%) were connected
to the water network in NPA with only 17.8% in Medine and
21.7% in Liberte. In SPA only 12.0% were connected to the net-
work with zero percent in Gouye Mouride, 7.5% in Oncad and
14.3% in Zone Sonatel. Our study revealed a persistence of tradi-
tional modes of water supply in the peripheral neighbourhoods and
showed a high use of wells in NPA and SPA with 77.9% of the vis-
ited household in Medine, 71.4% in Zone Sonatel and 33.9% in
Grand Mbour. The wells are used in spite of being untreated and
polluted since the water network does not reach these neighbour-
hoods. The city has no functional sewerage system and dwellers
are mainly using on-site sanitation facilities. The topography is rel-
atively flat and the proximity to the sea puts the city at risk of sea-
sonal urban floods. The findings also revealed that 72% of the
study population empty their wastewater in the street, which might
contaminate drinking water source and increase the diarrhoea risk
among children, a practice common all over the city with more
than 80% in some neighbourhoods.

Our study showed that 44.5% of the visited household had at

least one child with diarrhoea in the two weeks prior to the inter-
view. The two-week point prevalence rate was 33.9% with a sig-
nificant difference between zones. The highest prevalence was
found among children living in UCA (38.3%), followed by those
living in SPA (37.2%) and the lowest prevalence was observed in
NPA with 26.9%. We also looked at the prevalence by neighbour-
hood and found that in UCA, the highest prevalence was observed
in the following neighbourhoods: Tefess (57.1%), Zone
Residentielle (54.3%); in PCA, diarrhoea prevalence was highest
in Baye Deuk (57.9%); in SPA the prevalence was higher in Zone
Sonatel (46.1%). Descriptive and analytical mapping revealed that
the spatial distribution of diarrhoeal diseases prevalence was gov-
erned by specific environmental and socio-sanitary risk factors.
Environmental factors such as unimproved water sources, sanita-
tion, wastewater and solid waste management, and bacteriological
aspects (e.g. water contamination with E. coli and other faecal col-
iform bacteria, which indicate faecal contamination) are the main
drivers explaining the spatial distribution of diarrhoea in the city.
Diarrhoeal prevalence was higher in the neighbourhoods with the
largest number of contaminated water especially in the most dense-
ly populated neighbourhoods of the city (e.g. Tefess, Golf and
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Figure 1. Map showing Mbour in Senegal stratified in the four different research zones (based on Thiam et al., 2017: Prevalence of
diarrhoea and risk factors among children under five years old in Mbour, Senegal: a cross-sectional study. Infect Dis Poverty 6:109).
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Baye Deuk). Our data show that there is considerable spatial het-
erogeneity of vulnerability and risk for diarrhoeal transmission.

Visualisation and outlook
The purpose of our study was to visually characterise the

trends of urbanisation and highlight disparities of environmental
risk factors associated with diarrhoeal diseases in a secondary city
of West Africa to help policymakers and city officials to better plan
their action. Our visualisation is structured as follows. First, we
provide a general overview of the urbanisation trends in Mbour by
highlighting the demographic growth and the spatial expansion of
the city boundaries over the past 60 years. Second, we highlight
risk factors for childhood diarrhoea. These include the urban
infrastructures related to drinking water and sanitation coverage,
wastewater and solid waste management. Third, we show how our
work can help urban planners, public-health experts and other rel-
evant stakeholders to better prioritise interventions and preventive
measures in order to reduce the burden of diarrhoea in Mbour.

Conclusions
Our visualisation emphasises important heterogeneity in terms

of access to clean water, improved sanitation and hygiene and its
effect on childhood diarrhoea. We believe that our contribution in
the series of short video presentations put forth by the international
journal Geospatial Health, which are readily accessible by policy-
makers, local communities and others stakeholders, further under-
scores the value and potential of this format (Fuhrimann et al.,
2014; Krieger et al., 2012). Indeed, our visualisation can serve as
a decision support tool to policymakers and municipal officials for
implementation and policy development related to safe drinking
water, sanitation infrastructures (including wastewater and solid
waste management) and can support spatial and temporal targeted
interventions designed to reduce risk factors in the population. It
can also be used to geographically support accurate future imple-
mentation of preventive measures against diarrhoea in children
below the age of 5 years through community education on the
importance of WASH, household and community systems for
treating and storing water, rotavirus vaccination, etc. in the rapidly
growing secondary city of Mbour. Our methods and approaches
might be applicable to others cities in West Africa and elsewhere.
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