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Water-related factors and childhood diarrhoea in African

informal settlements. A cross-sectional study in

Ouagadougou (Burkina Faso)

Stéphanie Dos Santos, François de Charles Ouédraogo and

Abdramane Bassiahi Soura
ABSTRACT
Improved access to water is a key factor in reducing diarrhoeal diseases, a leading cause of death

among children in sub-Saharan Africa. In terms of water access, sub-Saharan African cities are some

of the worst off in the world, with 20% of populations supplied by an unimproved water source. This

situation is even worse in informal settlement areas. Using cross-sectional data on access to water

from a survey implemented in three informal neighbourhoods of the Ouagadougou Health and

Demographic Surveillance System, logistic regressions are modelled to test the effect of different

modalities of access to water on childhood diarrhoea. Our results show that the prevalence of

diarrhoea in children is high: one-third of households with a child under 10 experienced an episode of

childhood diarrhoea during the 2 weeks preceding the survey, even though 91% of the households

surveyed have access to an improved water source. The results show that efforts to reduce

childhood morbidity would be greatly enhanced by strengthening piped water access in informal

settlement areas in Africa. In addition, this study confirms that, beyond the single measure of the

main access to water, accurate variables that assess the accessibility to water are needed.
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INTRODUCTION
In sub-Saharan Africa, urban dwellers are considered to

have good access to water, in contrast to their rural

counterparts. Figures from the Joint Monitoring Pro-

gramme (WHO/UNICEF Joint Monitoring Programme

(JMP) ) show that in 2010, 83% of urban populations

had access to an improved source of water, compared to

49% in rural areas. Consequently, until recently, the

majority of scientific work concerning the issue of access

to water has focused primarily on rural areas (Gleitsmann

et al. ). However, the current urban growth rate of

African cities is leading to the development of informal

settlements that do not have access to basic services,

including water. Changes in both water supply (due to cli-

matic changes) and demand (due to the increase in urban

populations and economic growth) have caused many
African urban dwellers to experience difficulties in meeting

their daily water needs (Mitlin & Satterthwaite ).

The limitations of the current indicator of access to an

improved source of water used by the JMP are widely

known, particularly with respect to health implications

(Lim et al. ). Firstly, intra-urban disparities are very impor-

tant, especially in informal areas (Dagdeviren & Robertson

). These disparities, however, are totally masked when

using a global indicator of water access in urban areas. Sec-

ondly, details on accessibility to water are required in order

to be able to analyse the daily difficulty of accessing water

in these contexts (Howard & Bartram ; Schaefer et al.

; Dos Santos ). Hunter et al. () described six

water supply determinants that play an effective role in main-

taining good health: quality, quantity, access (physical
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distance or socioeconomic and cultural dimensions of

access), reliability, cost, and ease of management. These fac-

tors have long been widely recognised in the literature as

reducing waterborne disease in children (Esrey et al. ),

notably by contributing to appropriate hygienic practices

such as hand washing (Cairncross et al. ). Thirdly,

taking a coarse indicator into account is an obvious reason

for the lack of positive results with regard to access to water

in some studies on child health in developing countries

(Cairncross ; Fewtrell et al. ).

Finally, households may use more than one water source

depending on opportunity and on the reliability of the water

supply. Water cuts may therefore require households to

switch temporarily from an improved source of water to an

unimproved source, such as street water vendors, to mitigate

the impact of the cuts (Dagdeviren & Robertson ). The

use of an alternative source may also affect the quantities

available, either negatively or positively. In this context, the

use of rainwater harvesting has received particular attention.

However, even though this source ofwater is considered to be

improved, several studies have shown that the storage of rain-

water often does not meet World Health Organization

(WHO) guidelines for drinking water, especially with respect

to bacteriological water quality, and it thus constitutes a

potential source of human illness (Ahmed et al. ).

As noted by Hunter et al. (), ‘many uncertainties

remain about how to improve public health through

improvements in the water supply’. In particular, few popu-

lation-based studies in Sahelian cities have specifically

investigated the relationship between accessibility to water

– including different aspects of water access – hand washing

practices, and childhood diarrhoeal diseases, using models

that control for confounders, thus allowing for a complete

study of water factors all things being equal. This article

attempts to contribute to a deeper understanding of these

relationships in Sahelian informal settlements, based on

data from three informal settlements in Ouagadougou, the

capital city of Burkina Faso.
CONTEXT

Burkina Faso is one of the poorest countries in the world,

ranked 181 out of 186 by the United Nations Development
://iwaponline.com/jwh/article-pdf/13/2/562/394818/jwh0130562.pdf
Programme’s (UNDP’s) Human Development Index

(UNDP ). Its capital, Ouagadougou, is part of the

Sudano-Sahelian area and has a tropical savannah climate

with two very distinct seasons: a rainy season, which lasts

approximately 4 months, from May/June to September,

and a dry season, during which the Harmattan blows a

hot dry wind from the Sahara. Ouagadougou counts over

1.5 million inhabitants and has experienced significant

population growth over the past few decades. Based on

the latest census, the demographic growth rate is currently

estimated at 7.6% per year (INSD ).

This growth has resulted in the rapid spread of urban

space to the periphery, especially to informal settlements.

One-third of households are settled in such informal areas,

according to the latest estimation (Boyer & Delaunay

). These settlements are outside the municipal authority

and typically have no access to basic urban services.

In this context and until recently, the Office National de

l’Eau et de l’Assainissement (ONEA – National Office for

Water and Sanitation) developed an unusual water manage-

ment system called ‘shared water management’ ( Jaglin ),

a pragmatic approach that prioritised the provision of clean

water to the greatest number of people via public standpipes

located in formal neighbourhoods, rather than through

shared or fully private water connections at home. As a con-

sequence, Ouagadougou had one of the lowest rates of

access to piped water on premises in the region (Dos

Santos ). Since 2006, considerable efforts have been

made to enhance piped water connections at home (Dos

Santos & Le Grand ). Currently, according to the defi-

nition used by the JMP, 99% of households in

Ouagadougou have access to an improved source of water

(INSD & ICF International ). This situation is a real

counter-example, given the national level of poverty

(Hunter et al. ). This is particularly noticeable when

comparisons are made with the capital cities of neighbour-

ing countries (Table 1). In this context, Ouagadougou

presents an intriguing profile to undertake this study.

Ouagadougou is also faced with a number of environ-

mental and socioeconomic issues that could be responsible

for childhood diarrhoeal morbidity. In 2010, diarrhoeal

morbidity in Ouagadougou (18.2%) was higher than in

other cities in the country (15.0%) and than in rural areas

(14.4%) (INSD & ICF International ). Finally, the



Table 1 | Distribution of households by access to water in some sub-Saharan African

capital cities

Improved access

Unimproved Total
Piped on the
premises

Other
improved Total

Ouagadougoua 47 52 99 1 100

Bamakob 41 54 95 5 100

Cotonouc 48 51 99 1 100

Dakard 76 16 92 8 100

Niameye 42 52 94 6 100

aDemographic and Health Survey (DHS) 2010.
bDHS 2006.
cDHS 2006.
dDHS 2005.
eDHS 2006.
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focus on the outskirts is highly relevant because Ouagadou-

gou is a city surrounded by children: the percentage of

young children in the population hovers around 10% in

the central areas, but doubles for the outlying neighbour-

hoods (INSD ).
METHODS

Data

The study was conducted in the Ouagadougou – Health and

Demographic Surveillance System (Ouaga-HDSS) (Rossier

et al. ) field site in August 2012. The Ouaga-HDSS is a

research platform devised to design and test innovative pro-

grammes that promote the wellbeing of vulnerable urban

populations (the Ouaga-HDSS is part of the INDEPTH net-

work). Since 2008, the Ouaga-HDSS has periodically

collected health and demographic information in five neigh-

bourhoods in the northern outskirts of the capital city:

three unincorporated neighbourhoods (Nioko 2, Nonghin,

and Polesgo) and two incorporated neighbourhoods (Kilwin

and Tanghin). The three informal sites were selected so as

to target the most vulnerable populations of the city. In

addition, information given by the municipalities helped to

select the three informal areas as devoid of formal zoning

plans.

In 2012, a multidisciplinary project was implemented in

the three informal neighbourhoods followed by the
om http://iwaponline.com/jwh/article-pdf/13/2/562/394818/jwh0130562.pdf
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Ouaga-HDSS (Figure 1) that aimed to monitor the variabil-

ity and the diversity of access and use of water in

households. At this time, the total population of these

three informal settlements was estimated at 45,371 individ-

uals, most of whom were illiterate and living in very

rudimentary economic conditions and housing (Rossier

et al. ). Within each study site, the selection of house-

holds for the study was done using a simple random

sampling method. Socioeconomic and demographic charac-

teristics of the selected households, such as the standard of

living or the gender of the head of the household, were then

compared to ensure the representativeness of the sample. In

total, the sample comprised 702 households with at least

one child under 10 years: 232 households in Nonghin, 233

in Nioko 2, and 237 in Polesgo.

The person responsible for the household (most often the

wife of the head of the household, who is most likely to be the

person responsible for water collection and storage and thus

best placed to provide reliable answers) replied to a standard,

pre-coded questionnaire. The nature and purpose of the study

was explained to participants. The household questionnaire

consisted of seven modules addressing issues as varied as

the types of water supply (main and alternative type), the con-

ditions of collection and storage of water, and the cost of

water, as well as various domestic water uses. In addition, a

health section on water-related diseases was administered

for each child under the age of 10 living in the household.

While studies on childhood diarrhoea largely target chil-

dren under five because diarrhoea is primarily a concern for

children in this age group, it could be helpful to obtain a

more detailed picture of the burden of childhood diarrhoeal

disease in households. We therefore focused on children

under the age of 10. It was possible to restrict the analysis

to children aged 0–5 years old, but as we had information

from a larger sample, we chose to do the analysis on chil-

dren aged 0–10 years old, in order to gain robustness in

the modelling.

Statistical analysis

Descriptive statistics were used to summarise the study vari-

ables. We then estimated multivariate logit models to assess

the effects of different factors relating to access to water on

the probability that a household would have reported at



Figure 1 | Location of study sites, Ouagadougou Health and Demographic Surveillance System.
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least one episode of childhood diarrhoea in the 2 weeks pre-

ceding the survey, after controlling for demographic and

socioeconomic variables. Self-reported diarrhoea was used

as an outcome measure in this study. An episode of diar-

rhoea was defined according to the most widely accepted

definition – that is to say the onset of three or more loose

or watery stools within a 24-h period (Wright et al. ).

The model can be expressed as:

ln (qi=1� qi) ¼ β0 þ βixi

where q is the probability of at least one occurrence of child-

hood diarrhoea in the ith household, β0 is the baseline

constant, βi is a series of unknown coefficients, and xi is an

array of independent variables. The estimated coefficients (βi),

when exponentiated, are interpreted as the odds of at least

one occurrence of childhood diarrhoea (qi/1� qi) for house-

holds with certain characteristics relative to the odds of

diarrhoea in a reference (or baseline) group of households: in

other words, relative odds or odds ratios (OR).
://iwaponline.com/jwh/article-pdf/13/2/562/394818/jwh0130562.pdf
To better understand the effects of water factors net of

other key covariates, variables were introduced separately

into the models, thus allowing for a comparison of coeffi-

cients across the different equations. Model 1 presented

the estimated effects of the main source of drinking

water. Model 2 showed the estimated effects of the time

needed to collect water outside the house. Model 3

included both the variable tested in Model 1 and the vari-

able tested in Model 2. This three-step process was used to

highlight the relative role and importance of each of the

two first factors relating to water. Finally, Model 4

expressed the completed model integrating all water fac-

tors, including the first two and four other water factors:

type of water storage, quantity available per capita per

day, use (or not) of rain water as an alternative source of

water, and hand washing before eating. In all models, the

socioeconomic variables of the household were introduced

in order to provide a more accurate assessment of the

effect of water factors all things being equal. Presumably,

adding these controlling variables to the equation also



Table 2 | Socioeconomic and demographic characteristics and water factors of the

sample

Characteristics
Frequency
(n¼ 702) %

Main source of drinking water

Piped water on the premises 27 3.8

Standpipe 395 56.3

Pump 181 25.8

Street vendors 99 14.1

Time spent to collect water

Not concerned 126 17.9

< 5 minutes 82 11.7

5–30 minutes 396 56.4

> 30 minutes 98 14.0

Quantity available – per capita per day

< 10 L 92 13.1

10–19 L 253 36.1

20–50 L 316 45.0

> 50 L 41 5.8

Water storage

Covered 676 96.3

Not covered 26 3.7

Use of rain water as an alternative source

Yes 485 69.1

No 217 30.9

Hand washing before eating

Yes 699 99.6

No 3 0.4

Sex of head of household

Female 50 7.1

Male 652 92.9

Level of education of head of household

None 280 40.1

Primary and over 418 59.9

Activity of head of household

Wage earners – formal
sector

214 30.5

Informal sector 437 62.2

No professional activity 51 7.3

Economic status of the household

Low 275 39.2

Medium 422 60.1

High 5 0.7

(continued)
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proxies the effects of some omitted variables (e.g. cultural

beliefs and practices, breastfeeding, etc.), thus allowing

for a more precise assessment of the effects of water fac-

tors. All data were analysed using Stata v.11 statistical

software. Finally, we used the cluster option to calculate

robust standard errors to account for the fact that the

observations are clustered into neighbourhoods and that

the observations may be correlated within neighbourhoods,

but would be independent between neighbourhoods. In

theory, our analytical model counts for two levels: the

household level and the neighbourhood level. However,

the relatively small sample size and the limited number

of neighbourhoods surveyed make it impossible to use a

multilevel analytical approach.

Independent variables

For the purpose of this study, the key covariates were factors

related to water supply and availability of water at home.

Control variables included were related to the head of

household (age, gender, and type of activity), the economic

status of the household, and the number of children under

10 living in the household. A list, together with descriptive

statistics of all the covariates used in the present analysis,

is given in Table 2. A brief description of each of these cov-

ariates is given below.

Factors related to water

Six factors related to water were considered in this analysis.

Main access to drinking water was divided into three

categories: (1) piped water at the premises or at standpipe;

(2) hand pumps located in the neighbourhood; and (3)

unimproved sources (mainly buying water from door-to-

door vendors). The time taken to fetch water was preferred

to the distance to the water point because the Euclidean

distance does not reflect the actual difficulty of collecting

water outside the home, especially in informal settlements

where there are no paved roads or drainage systems. In

these areas, streets of any kind are largely absent, save

for the sandy tracks created by the inhabitants. These

tracks are characterised by bumps and gaps and become

streams during the rainy season, making the collection of

water on foot or with carts or bicycles very difficult.
om http://iwaponline.com/jwh/article-pdf/13/2/562/394818/jwh0130562.pdf
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Table 2 | continued

Characteristics
Frequency
(n¼ 702) %

Number of children in the household

1 210 29.9

2 308 43.9

3 136 19.4

4 and over 48 6.8

Type of sanitation

Improved 681 97.0

Unimproved 21 3.0

Neighbourhood

Nonghin 232 33.0

Nioko 2 233 33.2

Polesgo 237 33.8
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Respondents were helped to evaluate the time taken to col-

lect water with the use of a simplified diary that helped to

situate the main events occurring in a typical day and trips

to collect water in particular. Following a conventional cat-

egorisation of the time taken to collect water (Howard &

Bartram ), this variable separated households into

those that were more than 5 minutes’ walk time from

their source of water, those that were between 5 and 30

minutes’ walk time to their source of water, and those

that were more than 30 minutes’ walk time to their

source of water. A fourth category represented households

that did not need to collect water outside. A third water

factor distinguished households that covered the container

used to store water at home from those that did not cover

the container. This variable was used as a proxy of the

attention given by the household to preventing the deterio-

ration of the quality of water.

In addition, quantities of water available at home were

expressed in litres per person per day. Water quantities

were assessed through a detailed inventory of every trip to

collect water according to the source of supply and the con-

tainers used for collection (usually cans of 20 or 50 L or

barrels of 200 L). Fieldworkers were trained to recognise

the volume of water held by various containers commonly

used in these areas. Respondents were asked about quantities

collected during each trip, and about the time period during

which these quantities were consumed. These quantities
://iwaponline.com/jwh/article-pdf/13/2/562/394818/jwh0130562.pdf
were then confirmed by asking the price paid for water

(prices depend on quantities). Given the generally low level

of purchasing power, the person responsible for water collec-

tion usually has a good idea of how much he/she has paid.

These quantities were then tabulated and regrouped into

four categories: less than 10, 10–20, 20–50, and more than

50 L per capita per day. The alternative source of water

was measured by a dichotomous variable: the use or non-

use of rainwater. Finally, we used the question addressed

to the women responsible for children in the household

(generally the mother), whether she generally washed her

hands before eating, to capture hygiene behaviours. This

variable was dichotomous (yes or no).

Control variables

Covariates also included a number of demographic, socioe-

conomic, and environmental factors at the household level.

These control variables were the gender, level of education,

and type of activity of the head of household; the wealth of

the household; the number of children under 10 living in the

household, and the type of sanitation. Given the generally

low level of education in Burkina Faso, level of education

was composed of only two categories: (1) no formal edu-

cation and (2) primary and over. The professional activity

variable distinguished between wage earners (or people

working in the formal sector), heads of household working

in the informal sector, and those with no professional

activity (mainly housewife for some female heads of house-

hold or unemployed).

Owing to the lack of information on household income,

the standard of living was measured by a proxy based on cer-

tain consumer durables owned by the household: radio, TV,

refrigerator, bicycle, motorbike, and car. These six items

were best regarded as proxy for general household wealth

in Ouagadougou, given the general standard of living in

such informal settlements. The statistical method used the

principal component analysis (PCA) to create the index.

Based on the scores of the first component of the PCA,

which accounts for 50.4% of the variance, three categories

of household were distinguished: the poorest, those in the

middle, and the wealthiest. However, this study focused on

informal settlements and given the very low standard of

living in these areas, the variable grouped the middle and
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the wealthiest households together. The variable used in this

study therefore distinguished two modalities: (1) low econ-

omic status and (2) medium or high economic status.

The number of children under 10 living in the household

was also included in the model. Households were divided

into three categories: (1) one child; (2) two children; and

(3) three children and over.

Finally, we included type of sanitation, since its role as a

potential confounder of the relationship between water

source and diarrhoeal diseases has been extensively studied

(Esrey et al. ; Cairncross et al. ) – this variable was

included in the models even though it did not discriminate

much between households, as more than 97% of households

used an improved type of sanitation. Households with

improved toilet facilities (flush toilet, ventilated improved

pit latrines, pit latrine with a slab) were distinguished from

households with no toilet facilities of any kind.
RESULTS

Descriptive statistics

It was found that of the households included in this study,

32.6% (n¼ 229) of households with at least one child

under the age of 10 had experienced at least one episode

of childhood diarrhoea in the 2 weeks preceding the survey.

Concerning the characteristics of access to water

(Table 2), the vast majority (91%) of the households sur-

veyed used drinking water from an improved source

according to the JMP definition. The main source of water

was piped water from a standpipe located in a nearby

formal neighbourhood (56%) or from their own private con-

nection (4%). One household in four obtained water from a

hand pump located in the neighbourhood and 14% bought

water from a street vendor (in Ouagadougou, buying water

from neighbours is extremely rare, contrary to some other

African cities (Zuin et al. )). However, these results

hide a great heterogeneity among the three neighbourhoods

in the study: most households in Polesgo (61%) reported

that they used pumps as the major source of domestic

water, whereas 28% said they used tap water from the

municipal council via standpipes, and the rest (11%)

obtained water from other sources, mainly from street
om http://iwaponline.com/jwh/article-pdf/13/2/562/394818/jwh0130562.pdf
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vendors. In this neighbourhood, the low proportion of

households that used piped water from a standpipe was

understandable, because these households reported that

the nearest water standpipe was far from their home

(more than 2 km). Another indicator of the heterogeneity

between neighbourhoods comes from the use of street ven-

dors, which was 23% in Nonghin and only 8% in Nioko

2. We also noticed that nearly 4% of the households had

access to piped water in their compounds. In fact, in

Nioko 2, since 2011, a pilot project has been testing the

feasibility of the extension of the water network in informal

settlements by delegating the service to the private sector.

Some households had the opportunity to connect their

homes to the network; however, there were some concerns,

especially regarding the quality and sustainability of the ser-

vices provided, which have been highlighted in other

informal settlements in developing countries (Dagdeviren

& Robertson ).

In the sample, half of the households claimed to have

spent between 5 and 30 minutes walking to fetch water,

and one household in seven spent over 30 minutes walking

to fetch water.

These results also revealed even more problematic situ-

ations in terms of potential health impacts: one in two

households are not able to meet their basic water needs

for domestic use. The study showed that the quantity of

water available for 49% of the households is less than 20 L

per capita per day. In contrast, very few of the people

responsible for children did not wash their hands before

eating – although this variable was not discriminating; we

included it in the models as it is more accurate than

others available in the database, such as hand washing

with soap, which is more vague. In terms of water storage,

almost all households covered the container used to store

water. Finally, one-third of households used rainwater for

domestic use as an alternative source of water during the

rainy season.

Explicative results

The estimated OR from the different models are presented in

Table 3, according to the water and socioeconomic factors

described earlier. Examination of the results revealed that,

as expected, access to piped water on the premises or at



Table 3 | Factors associated with under-10 diarrheal morbidity (Logit Model, exp(Xiβi)), taking into account the fact that the data are clustered by neighbourhood

Variablesa Model 1b Model 2b Model 3b Model 4b

Main source of drinking water (pump)

Piped water – at home or at standpipe 0.85*** 0.82*** 0.85***

Unimproved – mainly vendors 0.49* 0.78 0.79

Time spent to collect water (5–30 minutes)

Not concerned 0.56• 0.62** 0.57*

< 5 minutes 0.94 0.87 0.83

> 30 minutes 1.19* 1.25*** 1.29***

Quantity available – per capita per day (<10 L)

10–20 L 0.75

20–50 L 0.70***

> 50 L 0.81

Water storage (covered)

Not covered 1.84**

Use of rain water as an alternative source (no)

Yes 1.17•

Hand washing before eating (no)

Yes 0.62

Sex of head of household (male)

Female 0.94 0.94 0.95 0.99

Level of education of head of household (none)

Primary and over 0.84** 0.83*** 0.83** 0.82***

Activity of head of household (informal sector)

Wage earners – formal sector 0.89 0.92 0.91 0.92

No professional activity 0.84 0.86 0.88 0.91

Economic status of household (low)

Medium and high 0.76*** 0.77*** 0.78*** 0.79***

Number of children in the household (1)

2 1.27 1.27 1.26 1.27

3 and over 1.92** 1.91** 1.90** 1.91**

Type of sanitation (unimproved)

Improved 0.58** 0.61** 0.60** 0.59***

aReference category in parenthesis.
bOdd ratios.

***p< 0.01.

**p< 0.05.

*p< 0.10.

•p< 0.15.
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standpipes had a significant effect on the occurrence of

childhood diarrhoea, even after controlling for socioeco-

nomic variables and taking into account the fact that the

data are clustered by neighbourhood. In the final model

(Model 4), the risk of diarrhoea was 15% (p< 0.01) lower
://iwaponline.com/jwh/article-pdf/13/2/562/394818/jwh0130562.pdf
in households with access to water delivered by ONEA

than among households who obtained water at a pump

located in the neighbourhood. The effect of purchasing

water from a vendor was more difficult to interpret: this

source of water seemed to have a positive effect on the
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lower occurrence of childhood diarrhoea when compared

with fetching water from a collective pump, but the level

of significance was relatively high (OR¼ 0.79, p< 0.20).

However, in a single predictor model (Model 2), this effect

was very strong and significant (OR¼ 0.49, p< 0.10).

As expected, the time taken to collect water also had an

effect: households that did not need to fetch water outside

their compounds were at a significantly lower risk of having

a child suffering from an episode of diarrhoea than house-

holds that were between 5 and 30 minutes from a source of

water (a standpipe or a pump) (OR¼ 0.57, p< 0.10). Remark-

ably, there was no difference between households that were

less than 5 minutes’ walk time from a water source and

households that were between 5 and 30 minutes’ walk time.

On the contrary and as was expected, a walk time of over 30

minutes was significantly associated with a higher risk of diar-

rhoeal diseases (OR¼ 1.29, p< 0.01).

In addition, the quantity of water available at home was

associated with the risk of diarrhoea. Notably, the risk of

diarrhoea was 30% (p< 0.01) lower in households where

between 20 and 50 L of water per capita per day was avail-

able when compared with households where less than 10 L

per capita per day was available.

The results also showed that storing water safely had a

significant impact on incidence of childhood diarrhoea:

households who stored water in a container that was not

covered had nearly twice the risk (p< 0.05) of childhood

diarrhoea of those who stored water in a covered container.

Using rainwater as an alternative source of drinking

water also constituted a factor influencing childhood diar-

rhoea: households that used rainwater were more likely

(OR¼ 1.17, p< 0.15) to have an occurrence of childhood

diarrhoea than households that did not use rainwater as

an alternative source of drinking water.

Finally, although the effect of washing hands before

eating was not statistically significant, the gradient followed

the expected direction of reducing diarrhoeal diseases in

children.

Household socioeconomic status differentials were also

observed. Firstly, educated heads of household and weal-

thier households experienced the lowest occurrence of

childhood diarrhoea. These variables may partly act as a

proxy for proximate variables like adequate nutrition or

health care services.
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Secondly, the number of children in the household

played a role in the risk of the occurrence of diarrhoea in

the 2 weeks preceding the survey. In particular, having at

least three children significantly doubled (OR¼ 1.91,

p< 0.05) the risk of a household experiencing childhood

diarrhoea. Mathematically speaking, this result was to be

expected, because the probability that there was at least

one child morbid episode in the household increases with

the number of children under the age of 10 living in the

household. This result was also expected due to contagion

risk.

Finally and as expected, households with improved sani-

tation facilities were significantly 0.59 times less likely to

have experienced an episode of childhood diarrhoea com-

pared to those with unimproved sanitation facilities.
DISCUSSION

Firstly, we found that the occurrence of childhood diarrhoea

during the rainy season in the informal settlements of

Ouaga-HDSS was very high: one-third of households with

at least one child under the age of 10 experienced an episode

of childhood diarrhoea. This is despite the fact that 91% of

these households surveyed have access to an improved

source of water, according to standard measures. Such a

high occurrence of diarrhoeal morbidity indicates the need

for careful attention to be paid to these irregular

neighbourhoods.

As was expected in the study hypothesis, a number of

factors related to water access are associated with lower

occurrence of childhood diarrhoea. Some of these were

expected, while others were more surprising. The effect of

access to pumps, usually defined as improved access to

water, is noteworthy: households with access to water at a

pump located in the neighbourhood were more likely to

experience an episode of childhood diarrhoea than house-

holds with access to piped water at home or at standpipes.

Even more surprisingly, it seems that there are no health

benefits to obtaining water from a pump as opposed to

from a street vendor, although the latter is defined as an

unimproved source of water. In fact, access to water via a

pump posed two major problems: the lack of chlorination

of the water delivered by the pump and the time needed to
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fetch water. Water delivered by ONEA through piped water

at home or at standpipes (which is also the only source of

water for street vendors) is treated with residual chlorine

that helps to maintain a high quality of water after collec-

tion, as well as during handling and storage, in particular.

On the other hand, water collected from protected bore-

holes is not treated, leading to potential risks of

microbiological pollutions, an effect that has been recently

studied (Ferguson et al. ). In a review of the debate

about the potential health consequences of post-supply con-

tamination, Trevett et al. () concluded that re-

contamination of clean water at the household level has a

significant health impact, particularly on infants. The lack

of residual chlorine in the water from protected hand

pumps could therefore explain our results and specifically

the lack of health benefits of water collected at pumps as

opposed to water bought from street vendors.

Secondly, households with access to water via a pump

spent time collecting water, which was not the case for

households connected to piped water in their compounds

or those buying water from street vendors. Furthermore,

studies conducted in Burkina Faso and Malawi (Curtis

et al. ; Masangwi et al. ) showed significantly

lower diarrhoeal disease occurrence in households that

had access to drinking water within their compounds

when compared to households that had to collect water out-

side their compounds. Indeed, there is a well-known

negative relationship between the distance or the time

taken to collect water and the quantity of water available

in the household: the shorter the distance, the greater the

quantity available at home, allowing better hygiene practices

such as hand washing at critical times (Howard & Bartram

).

Until recently, hand pumps at the neighbourhood level

were the only solutions developed for improved drinking

water supplies in the informal settlements in Ouagadougou,

mainly by non-governmental organisations or private

donors. However, the above evidence is proof that there is

an urgent need to conceive strategies and policies ‘outside

the water box’ (Dagdeviren & Robertson ). It is essen-

tial that steps are taken to increase efforts in these

informal neighbourhoods, such as developing the utility net-

work and, in particular, reinforcing progress in terms of

water access in locations that fall beyond official city limits.
://iwaponline.com/jwh/article-pdf/13/2/562/394818/jwh0130562.pdf
The results concerning access to water through street

vendors also need attention. Firstly, and contrary to the

latest DHS data, it is obvious that some households in this

city have access to water via door-to-door vendors. Until

now, there has been no estimate of this proportion, specifi-

cally in the informal periphery where those small-scale

water providers are viewed by the population as an interim

solution before utilities are built or completed. Secondly,

despite popular opinion, a review found that there is no

scientific evidence to prove that water delivered by vendors

is of poor quality (Opryszko et al. ). Nevertheless,

before redefining the standard categories and starting to

consider vendors as improved access to water, it is possible

to simply interpret these results as further proof of the posi-

tive effect of water being delivered at home. In the absence

of regulation of this sector in Ouagadougou, and because the

service delivered by street vendors comes at high prices for

poorer households, our results should not be considered as

promotion of the development of this private water sector

in the long term. Since street vendors obtain chlorinated

water from standpipes, buying water from them could be

considered a short-term alternative and a response to the

growing demand for clean water. The sector must be well

monitored and regulated. Dagdeviren & Robertson ()

reviewed the major limitations of developing small-scale

private providers.

Our results also showed that the attention given to water

storage at the household level has significant health benefits.

A WHO research review of diarrhoeal disease control had

already emphasised that keeping drinking water clean in

the home in order to avoid re-contamination was identified

as one of the key hygiene behaviours (WHO ).

A final interesting result came from the effect of using

rainwater as drinking water, which is defined as an

improved water source. Our results showed that rainwater

collected from roofs during the rainy season seems to be a

risky strategy for dealing with a lack of access to water,

since it is associated with a non-negligible risk of diarrhoea

in children. A recent review concluded that there is cur-

rently no evidence that rainwater carries increased risk of

diarrhoea when compared to other improved sources of

water (Dean &Hunter ). In fact, point-of-use water treat-

ment was found to be highly effective (Fewtrell et al. ),

and treatment of rainwater after harvesting in particular.
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For example, boiling water is an effective way to purify

water, even water of dubious quality, such as water provided

by vendors (Thomas et al. ). However, in Ouagadougou,

this practice is very rare: in our study, only three of 702

households boiled drinking water. The extreme poverty of

households could be one of the reasons why water was

rarely boiled. Although there is the possibility of misunder-

standing the antimicrobial action of boiling water, people

do not have enough resources to buy energy to boil water

(wood, coal, or gas), particularly in informal areas where

access to electricity is not available.

One of the strengths of this study is that it aimed to

measure water factors as accurately as possible by the

inclusion of information that was more detailed and more

extensive than that used in the usual surveys (DHS, Multiple

Indicator Cluster Survey (MICS), etc.). In particular, few

studies based on data collected in informal settlements in

Sahelian cities have formally evaluated six water-related fac-

tors in this type of analytical approach. In particular, the use

of rainwater as an alternative water source during the rainy

season is a variable often neglected in a semi-arid context. In

addition, the fact that two of the co-authors spent consider-

able amounts of time working in the Ouaga-HDSS study

sites has provided them with useful insights on how to inter-

pret the findings.

Despite these advantages, some limitations should be

noted. Water-related measured variables were self-reported

by participants in the study. The information on the onset

of diarrhoea also relied on the respondents’ perceptions of

diarrhoeal symptoms and was not medically verified.

Among all of the limitations that this method entails, it is

possible that some estimates were biased by systematic report-

ing errors. Multivariate models controlling for socioeconomic

factors are likely to capture a large part of the self-selective

nature of reporting, as, for example, better educated people

are more likely to report health problems (Hobcraft ).

Also, to optimise the accuracy of the data collection, investi-

gators were trained to remind respondents not to forget any

episode of diarrhoea or water collection trip. They were

also asked to make some observations (e.g. the water storage

variable was provided by direct observation). However, hand

washing practices, which are very susceptible to perceptions

of the ‘right’ answer, were not triangulated with observation.

In this regard, and since the result was not significant,
om http://iwaponline.com/jwh/article-pdf/13/2/562/394818/jwh0130562.pdf
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conclusions on this variable should be considered suggestive

of health impact only. Equally, triangulation with health data

or another source of current water data was not possible.

Weaknesses of this analysis also include the relatively

small sample size and the limited number of neighbourhoods,

which reduces the range of contextual and socioeconomic

diversity. Firstly, this made it impossible to use a multilevel

approach (Mohnen et al. ). We used the option included

in Stata software that allows the fact that data are clustered

to be accounted for. Standards errors are therefore more

robust. In addition, since information on diarrhoea was col-

lected at the household level, we controlled for the number

of children in the household. However, the use of amultilevel

analytical approach would have allowed us to estimate

random effects at the neighbourhood level, in other words

the amount of variance in outcome that is attributable to

the context investigated. In models in which the neighbour-

hood of residence was included as a controlled variable

(not shown), the risk of childhood diarrhoea differed signifi-

cantly between neighbourhoods, without altering the effect

of the other covariates. Households located in the neighbour-

hood of Polesgowere 47% less likely (p< 0.05) to experience

an occurrence of childhood diarrhoea than households in

Nonghin. Conversely, households in the Nioko 2 neighbour-

hood were 57% more likely (p< 0.05) to experience an

occurrence of childhood diarrhoea than households located

in Nonghin. Using data from the Ouaga-HDSS, studies on

child environmental health also found persistent effects of

area of residence (Peumi ; Bouba Djourdebbé et al.

). Therefore, we still have not captured geographical vari-

ation in terms of water supply or the effects of other omitted

factors such as various types of environmental contamination

at the neighbourhood level.

The relatively small household sample size also contributes

to limit the extent of the impact and the discussion of some of

the interesting factors due to the lack of power of the analysis.

This is particularly true in the case of the effect of unimproved

water sources, notably the use of water vendors.

While the results are only statistically representative of

the three areas studied in this paper, we would argue that

this case study sheds light on similar situations faced by a

significant proportion of urban dwellers in Africa. In fact,

the results depict an acute reality by highlighting the situ-

ation of water access in rapidly growing informal
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settlements, and specifically the controversial use of water

from pumps and rainwater, even though these are con-

sidered to be improved sources of water. This study also

provides useful perspectives for future research. In particu-

lar, further sampling of households and neighbourhoods is

recommended to confirm these results. The introduction of

water quality would also be a key contribution in order to

be able to conclude whether or not water from pumps or

rainwater are more likely to be contaminated at point-of-

use as compared with water chlorinated at the source.
CONCLUSION

As noted by Trevett et al. (), ‘the case-specific routes that

lead to diarrhoeal disease are extremely difficult to identify’.

The conceptual framework is thus a complex one. In this

paper, we tried to identify factors specifically related to

access to water that can reduce childhood diarrhoea in

informal African settlements. The present analysis

addressed diarrhoea as a public health issue, without consid-

ering the aetiological diagnosis.

Our study shows that the management of some factors

relating to access to water might be effective in preventing

childhood diarrhoeal diseases. This is particularly the case

in the context of the use of treated water delivered by the uti-

lity company, the attention given to the water storage, and

the non-use of rainwater. As the issue of global water scar-

city, combined with rapid urbanisation, worsens in the

coming years, accurate water data at the household level

will be increasingly necessary to support effective policy-

making efforts. In particular, appropriate intervention

programmes targeting the availability of piped water and

the treatment of water, especially rainwater and water

obtained from pumps during the rainy season, should be

designed. There is also an urgent need for in-depth research

into cost-effective ways that poorer households could treat

their water.
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