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Problem and objectives

The environmental hazards have experienced a considerable development (Chevalier and al.,
2003). The combination of environmental, social and economic conditions exposes
populations to many health problems (malaria, diarrhea, acute respiratory infections, etc.)
(Dongo and al., 2008). It is estimated that 24% of the global disease burden and 23 % of all
deaths are due to environmental factors (WHO, 2010).

Africa is urbanizing faster than the rest of the world (UN -Habitat, 2011). The rapid
population growth in African cities is mostly the result of rural poverty and a high level of
fertility in urban areas (McMichael, 2000). In African cities growing, children are at risk of a
variety of environmental threats, whether poor housing, overcrowding, contamination of
drinking water and individual and alimentary hygiene (Keiser et al., 2004). One of the
characteristics of the health is the comorbidity among children under 5 years (Becker and al.,
1991; Fenn and al., 2005). The comorbidity is increasingly recognized as an important public
health problem in modern societies (Van Oostrom and al., 2012). Current research suggests
that terminally ill children often suffer from several diseases (Fenn and al., 2005). A symptom
of disease can sometimes be associated with many signs related to each other, reflecting the
gravity. Severe diarrhea, for example, weakens a child increases the likelihood of having a
fever. The co-occurrence of diarrhea and fever, two symptoms associated by water
contamination, may cause discomfort, pain, complications related to dehydration in children,
and an increased risk of death (Briand and al., 2000; Mulholland, 2005). Although
comorbidity is a risk factor for mortality observed in demographic and health surveys (DHS)
in Africa, the literature focuses essentially on the comorbidity of malaria and acute respiratory
infections (INSD , 2004; Masangwi and al, 2010).

Moreover, the issue of comorbidity and disease gravity remains little examined about
environmental health. We know that children are the most susceptible population to
environmental factors (Chevalier and al., 2003). Thus, the environment may act in a particular
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way on the comorbidity and gravity of some symptoms, such as diarrhea and fever. The
effects of the environment, for example, could be specific depending on whether the child has
one or more symptoms of diseases. Not taking into account the comorbidity could skew a
priorization of public health interventions to reduce child mortality (Fenn and al., 2005). The
data of the Ouagadougou-Health and Demographic Surveillance System is an opportunity to
explore this problem. The objective is to evaluate empirically the influence of the immediate
environment and demographic factors on the comorbidity and gravity of diarrhea and fever,
two major health problems in children in Africa.

Data and analysis methods

The analysis uses data from the Ouagadougou — Health and Demographic Surveillance
System (Rossier et al., 2012). Established in 2008, the observatory follows approximately
80,000 residents in five peripheral neighborhoods north of Ouagadougou (Kilwin, Tanghin,
Polesgo, Nonghin Nioko and 2). The population followed by the observatory is distributed
fairly among formal areas and informal areas (approximately 40,000 people in each area). The
objective of the Ouagadougou — Health and Demographic Surveillance System is to analyze
the problems of the most vulnerable people in the city and to experience pioneering programs
that will have beneficial effects on health and well-being. The Ouagadougou — Health and
Demographic Surveillance System provides rich data to deepen various themes, including
comorbidity and gravity of symptoms in children. We used cross-sectional data from the
survey on the health and behavior therapy for illness conducted in 2010, and the household
survey (conducted in 2009). The investigation into the health and therapeutic behavior in case
of illness was conducted among a sample of 950 children under 5 years in the five
neighborhoods of the Ouagadougou — Health and Demographic Surveillance System. The
sample was randomly selected to infer conclusions on all areas of the Ouagadougou — Health
and Demographic Surveillance System. The sample of the Ouagadougou — Health and
Demographic Surveillance System confers an advantage compared to clinical samples
because it limits the selection bias. The child questionnaire has collected data on fever,
diarrhea, convulsions, including anthropometric data during two weeks before the interview.
The household questionnaire has collected on demographic, socio -economic and
environmental data. However, the weakness of the Ouagadougou — Health and Demographic
Surveillance System data could be affected by the selectivity problems inherent in cross-
sectional data, as well as those related to sample size (950 children in the database).

To generalize the data from the sample to the population of the Ouagadougou — Health and
Demographic Surveillance System, it was attributed to each selected observation his weight in
the population. Analyses focused on 803 children due to the exclusion of 147 observations
with missing values. Missing values are distributed randomly, their exclusion from the
analysis don't introduce a selection bias in the sample. To identify the problems of
collinearity, a measure of the change in the variance of each of the explanatory variables has
been done, which gives us confidence about the absence of multicollinearity.

In this analysis, comorbidity is defined as the simultaneous occurrence of two symptoms
(diarrhea and fever) in the same child. The gravity refers to the number of symptoms in



children. The gravity of symptoms can distinguish four sub-populations: children without
symptom, children with a symptom (diarrhea or fever), children with two symptoms (diarrhea
and fever without convulsion), and children with three symptoms (diarrhea, fever and
convulsion). To investigate the comorbidity and gravity of symptoms, it was built from a
composite indicator of diarrhea, fever and convulsions. We used an ordered logit model to
evaluate the effects of environmental and demographic factors on comorbidity and gravity of
symptoms were estimated, controlling the level of education of the mother, standard of living,
ethnicity, and area of residence of the child (model 1). A Wald test was then performed to
determine whether the environmental and demographic variables are jointly significant effect
on morbidity and gravity of diarrhea and fever. To test the hypothesis of interaction between
the unhealthiness of the household and child gender, an interaction variable was included in
the model 2. Thereafter, an additional model (model 3) has taken into account the nutritional
status of the child (severe malnutrition). As the variable nutritional status is potentially
endogenous, we considered the model for additional with caution due to reverse causality. An
increased risk of diarrhea or fever risk may cause a poor nutritional status. A graph of
standardized residuals was thus made to see if severe malnutrition introduced into the model
does not cause an imperfect adjustment. The homogeneous distribution of residues reassures
that severe malnutrition is not the cause of an imperfect adjustment.
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