Environmental Threats and Childhood Fever during the Rainy Season in
Dakar-Senegal: Results from Multilevel Models

Stephanie Dos Santds lulia Rautu®, Jean-Yves Le Hesrafi Mody Diop®, Abdou lllou
Mourtala #, Alphousseyni Ndonky, Richard Lalou®

NB: Work in progress - Preliminary version

Not to be cited without permission

! Institut de Recherche pour le Développement, Latoie Population-Environnement-Développement, BB6]1
Dakar, Senegal.

Z Institut de Recherche pour le Développement, Unite et enfant face aux infections tropicales,ufé@ade
pharmacie, Laboratoire de parasitologie, 4 averukObservatoire, 75270 Paris cedex 6, France.

% Agence Nationale de la Statistique et de la Déayitie, BP 116, Point E, Dakar, Senegal.

* Ecole Nationale de la Statistique et de I’Analgsenomique, BP 45512, Fann, Dakar, Senegal.

®Département de Géographie, Université Cheikh AritgoCFann, Dakar, Senegal.

® |nstitut de Recherche pour le Développement, LabaeaPopulation-Environnement-Développement, Ursiité
de Provence, 3 place Victor Hugo, 13331 Marsed#lgex 03, France.

Corresponding author : Dr Stephanie Dos Santogjtuhsde Recherche pour le Développement, Laba®toi
Population-Environnement-Développement, BP 138&aDa&5enegal. Stephanie.DosSantos@ird.fr



Introduction

In African cities, a major cause of childhood fesyare water-borne diseases, such as
typhoid, or water-related diseases, in particulasquito-borne pathogens such as malaria,
dengue and other arbovirus diseases. Such disaases major problem in African cities,
being the leading cause of child outpatient viaitd deaths.

The occurrence of childhood fever is a multifaabprocess, related to people, to

household and to environmental neighbourhood factor

As for factors favoring transmission of mosquita#imfevers in cities of Sub-Saharan
Africa, characteristics related to both the houstHhevel and the neighborhood level can

influence the presence of vectors and thereforeiskeof disease.

At the household level, aspects related to housestaaction quality and condition
may favor or impede vector presence. Such aspsctpemings, unscreened windows and
eaves can facilitate the entering of mosquitoesdénghe compound, while cracks and
crevices in walls serve as hiding places (S. Wd&ay et al., 2002; Konradsen et al., 2003;
Robert et al., 2003; Yamamoto et al., 2010; Yugudle 2010) Characteristics referring to
salubriousness also play an important role, by medrwater storage inside the compound
(Tsuzuki et al. 2009). The role of protective measus somewhat disputed. On the one hand,
protective measures in general — and long-lifetéiebansecticide nets in particular — have long
proven their efficiency (Snow et al. 1988). On thker hand, studies have shown that the use
of such measures is highly dependent of mosquiisanae, which is a function of the
vector’'s density (Thomson et al. 1994; Chavassal.efi996; K. Yohannes et al. 2000).
Therefore, the use of protective measures is nadlgdistributed in the whole population.

At the neighborhood level, the presence of wetlandde area is amount the chief
factors which increase the risk of mosquito-borimeeases. Such wetlands may be either
natural or man-made, though the former are lesgaf@rt in urban areas. Market-gardens
equipped with wells, constitute a favorable envwnant for mosquito larvae (Pages et al.
2008; Robert et al. 2003). Urban farming can ads@@r vector reproduction, by means of the
man-made water bodies used for irrigation (Ghelmeyet al. 2000; Matthys et al. 2006; Van
Benthem et al. 2005). Mosquitoes have been fourged successfully in (fish) ponds, flood
plains and irrigated fields, since they constitstagnant waters (Elston 2005; Keiser et al.
2005; Peterson et al. 2009). If present, naturdlands — such as swamps and streams — also
increase the risk of disease (Matthys et al. 2&¥fijert et al. 2003; Staedke et al. 2003).



It is thus clear that urban mosquito-borne feveeshaghly diverse, both in terms of
transmission and prevalence, and cases tend tecchusar mosquito breeding sites (Peterson
et al. 2009; Staedke et al. 2003; Sutherst 2004).

Even though previous authors have already shownttiberetical existence of a
relationship between environmental threats anddchikalth, the complex processes
underlying this association still remain poorly lilight by empirical evidence, in Africa in
particular. Apart from the individual and househalthracteristics, environmental factors at
both the household and the neighborhood level care han influence on those fevers
especially during the rainy season The objectivetto§ communication is to identify
environmental threats associated with fever ocagean children in Dakar, the capital-city
of Senegal using a multi-level approach.. Aftersprdging the conceptual framework, the
contexts are described. We briefly discuss the daththe statistical methods used before
presenting the results. Finally, we discuss thetditions of our approach as well as future

developments for its improvement.
Conceptual framework

Numerous factors play a part in child health défdrals. These are manifested at the
level of the individual. But other contextual facdshould be considered when investigating
the associations of disparities with health outcerftdolmes et al. 2008, Merlo 2003), and
neighborhood effects in particular (Subramanian420Qong before, Mosley and Chen
(1984) were among the first to theorize the enwvitental factors such as intermediate

biomedical factors affecting child mortality, namgdoximate determinants'.

In Sub-Saharan Africa, although numerous caseswarfin children during the rainy
season are caused by vectors, the web of detertsif@rnthose fevers is still a complex one.
The relative contribution of each factor variesaasinction of complex interactions between
environmental characteristics pertaining to both tlousehold level and the neighborhood
level. The figure 1 presents a tentative concegdtaalework to understand this complexity.

At the household level, aspects related to housastaaction quality and
salubriousness or protective measures may favorimmede vector presence. At the
neighborhood level, the presence of wetlands inattea is among the chief factors which
increase the risk of mosquito-borne diseases. Rdihmisd plains can also favor vector

reproduction since they constitute stagnant waters.



Figure 1 — The web of factors of the relationship betweewirenmental threats and

childhood fever
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Studies performed by conventional single level wi@dl methodologies have been
seriously criticized, primarily because they fail tonsider the existence of a multilevel
structure when analyzing childhood fever in diffarenvironment (that is children nested in
household, nested in neighborhood. Single levelyaaa underestimate statistical uncertainty
and lead to inappropriate conclusions, providinguasuitable basis for decision making. A
single level analysis is unable to discern whetherobserved variation in childhood fever is
attributable to individual differences between dteh, or to the influence of environmental
factors related to both the household level andhsighborhood level. Multilevel analysis is
today considered a more appropriate way to moeieironmental health, as it allows a less
biased estimation of uncertainty, and can alsoragpand quantify contextual effects (Chaix
et al. 2005; Diez-Roux 2001).

Context

Dakar is particularly interesting from this point view. Capital city of Senegal, Dakar is
located on the Western edge of Africa. The clin@dt®akar is hot with a short rainy season
and annual rainfall very low. In addition, due tothp the rapid population growth and the
increasing prevalence of individual houses, Dakaedences a rapid expansion of its urban
space, especially in suburban area, leading togaifisant social and environmental



heterogeneity. This spatial expansion in the sudbwhls made and continues to be made in
areas that were traditionally wetlands, creatingrge heterogeneity in the environment, with

green areas or overflows during the rainy season.
Methods

Data collection

Data come from the Actu-Palu project, a cross-eeati study population. Following the
model of household surveys using the IRIS (Groupkds for statistic indicators) carried out
within the SIRS research program (health, inegealitnd social breakdown in France)
(Parizot et al 2004), almost 3,000 households wargeyed within 50 neighborhoods from

the metropolitan area during the 2008 rainy se&om October to December).

The selection of study sites was made to highliblet socio-economic and environmental
heterogeneity of the urban zone. The objective t@asurvey homogeneous zones and the
most heterogeneous zones between them. A classifichy dynamic clusters (K-means
method), using census variables belonging to theedapic (housing, household equipments,
sanitation) selected from a principal componentyaig identify 5 types of census area (DR
for district de recensemen(ANSD 2006). These types ranked DR from highaw living
conditions. The most representative type of eadghberhood was chosen. 42 DR were
randomly chosen. To reach the number of 50 sitseaol for the study, 8 other DR were then
added according their proximity to swamp in orderconsider the environmental effect.
Finally, to avoid the risk of insufficient numbef eligible households in one DR, each DR

was paired with the nearest same type DR, themgtmgsenting one neighborhood.

To be eligible, a household must contain at least child less than ten years old. A person
responsible for the household answered a standezecqued questionnaire based on
socioeconomic, housing and close environmental itiond and the occurrence of recent
fever for each child of the household. We excludeders caused by mumps, cuts or
toothaches during the survey. The data coveredthldren.

Neighborhood characteristics and potential enviremtal factors for disease were assessed
by a community questionnaire comprises eight saesfiout of which physical characteristics,
salubriousness and spraying campaigns. As in noostnunity surveys, the respondents were
interviewed in groups. This method is recognizedriprove data quality (Schoumaker et al,
2006; Frankenberg, 2000).

Groups of discussion were composed by the neiglooorhheadman (the traditional

neighborhood authority), the neighborhood represem (which represents the neighborhood



in administrative matters) and a wide range of ifgsfin terms of sex, age and profession.
The choice was largely left to the neighborhooddnegan who had been briefed by the
interviewers about the type of respondent to becsetl. On average, the group was
constituted by seven respondents per neighborheitid,a minimum of four and a maximum

of eleven respondents.

The community questionnaire was composed by a mafrclosed questions, recommended
for collecting data comparable over district (Bdstow, 1984). It comprises eight sections;
the first focusing on basic information about teepondents and the other covering several
topics such as the history of the settlement, mplayscharacteristics and salubriousness,
infrastructures, health and social services, adwés and transport links, neighborhood
groups and associations, spraying campaign. Inrgerfending respondents posed very few
problems, except some intensive discussions fdaicequestions. The average duration of

each interview was a little over one hour and & hal

The household questionnaire and the community munestire were conceived to be factored
into multilevel analyses since children are nestedouseholds which, in turn, are nested in

neighborhoods.
Data analysis

Multilevel modeling has provided attractive soluiso which is still not so common in tropical
research on health. The usual analyses of thearship between environmental factors and
fever often treat the former at only one level, timeisehold level or the neighborhood level.

However, the exposure to environmental risk vaaierding to these two competing level.

Since our dependent variable is binary (individwate infected or not), we used the logistic
form of the multilevel model. A three-level modejiprocess is performed. Recent fever
incidence is modeled level by level according tdividual factors (sex, age), to household
factors (socio-economic variables) and to enviromiadefactors at the neighborhood level
(floods, shrub lands, water bodies, solid waste wastewater management facilities). Odds
Ratios and their significant level were calculated.

The random effect is also analyzed. These methddws @onsideration of within group

(household and neighborhood) and between-groupiae$aand integration of household and
individual-level variables. The intraclass corrigatallows calculation, on an empty model,
of the proportion of the total variance explaineg the grouping structure, in our case

households and neighborhoods.



Results

Environmental heterogeneity

The descriptive results based on the communitytouesire confirm that the agglomeration
of Dakar is characterized by a great environmemtédrogeneity. The issue of salubriousness
is particularly illuminating. Of the 50 neighbortassurveyed, 39 declare to have problem
with salubriousness (Figure 2). This perceptionedhsubstantially from one neighborhood to

another, but the problem seems to be worst in Bikin

Figure 2 — Perception about the salubriousness in the hertlood (Actu-Palu, 2008)
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Concerning the wetlands, of the 50 neighborhoodgesed, 18 have some type of wetland.
32% of the children in our sample live in a neigtifamd with a permanent wetland and 6%
live in a neighborhood with a seasonal wetlandctally all of these children reside in the

suburbs of Dakar (figure 3).
Fever occurrence

The total population of this study is 7,293 childreested in 2,948 households, of whom
1,742 (24%) had had a recent fever.

Rates of recent fever varied substantially from neghborhood to another, ranging between
10 and 37% (figure 4).

Figure 4 — Child fever occurrence in Dakar in 50 neighbade (Actu-Palu, 2008)
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Data : Actu-Palu, 2008 Conception: A. Ndonky, 2011

Multivariate results

The hierarchical organization of the data set irele fixed and random effects and cross-
level interactions are now considered. The findi(tgble 1) indicate that the occurrence of

fever is influenced by factors from all hierarchilevels.



Table 1- Odd ratios from hierarchical regressions orriglefactors for child fever

Model 1 Model 2 Model 3
(empty) (household) (complete)
Constant 0,32 0,31*** 0,39***
Child’s bio-demographic variables
Sex(male)
Female 1.02 1.02
Age — continuous variable 0.90*** 0.90***
Household’s factors
Control variables
Mother’s age (< 30)
30-39 0.99 0.99
40 and over 1.07 1.07
Mother’s education (none)
Primary and over 1.15* 1.16**
Mother’s activity (independent)
Other job 0.76** 0.76**
Housewife 0.84** 0.84**
Other 0.97 0.97
Wealth index — continuous variable 0.99 0.99
Environmental variables
Drinking water (piped water in the dwelling)
Other 1.08 1.08
Wastewater managemen{sewer or septic tank)
Other (throw outside) 0.85** 0.82**
Garbage (collecting system)
Other (throw outside) 1.39%x* 1.39%**
Mosquito protective measuregnone)
At least mosquito nets 1.82%** 1.71%%*
Others measures (no mosquito nets) 1.84%xx 1.76%+*
Neighboorhood’s factors
Canal (absence)
Seasonal presence 1.84%+*
Permanent presence 1.19
Area of floods (absence)
Presence 0.88
Wetlands - Niaye(absence)
Seasonal presence 1.30%+*
Permanent presence 1.18**
Wastewater systen{no)
Yes 0.82
Garbage collecting systenfno)
Yes 0.89
Spraying campaign(no)
Yes 0.87*

Significance level: *** : p<0.01; ** : p<0.05 ; *p<0.10.
Reference category in parenthesis.




The majority of environmental risk factors that wecluded at the household level are
associated with recent fever, some in a way we noyexpect at a first glance. This is the
case for the wastewater management: children, wbard a house not connected to a sewage
system, were less at risk of fever than childrero Whe in a house connected to a sewage
system. One explanation could be found in the tuali the sewage system. Actually, in
many areas in Dakar, the sewage system in geresal deficient, that it poses less risk to
simply throw away waste water on the sand whewgids rapidly than to use the sewage

system, which will overflow after each rain-shower.

The results obtained concerning the protective mreasagainst mosquitoes may also seem
unusual: children who live in a house not usinggrtive measures against mosquitoes were
less at risk of fever than children who live in @uke using protective. In reality, the use of
protective measures is closely correlated withnilisance of mosquitoes. When this nuisance
is high, people use protective measures. This siigdkat the variable used here is a proxy

for the mosquito nuisance, and hence the mosqgeitsity.

Concerning waste disposal arrangements, the reshlisv that a child who lives in a
household where garbage pick-up is managed bylectiog system has less risk of a fever

than child who lives in a household where garbagarown outside.

As for the environmental factors at the neighbocth@evel, results highlight the role of the
presence in the neighborhood of wetlands and canatlse risk of childhood fever. More
precisely, it is the seasonality of the wetlandd #re canal which seems to be more strongly
associated with the risk of childhood fever thaa germanent presence. We see here the
impact that the change of the environmental conteed on fever in children. This is
particularly the case for the presence of the cafale presence of a canal in the
neighborhood can influence mosquito-borne diseeséso ways. The most obvious case is
that of permanent canals, which constitute watetidsy thus favoring mosquito breeding.
However, there is also another aspect. In Dakarrdke of canals is to evacuate the excess
water that accumulates during the rainy seasornrefdre, except for the two-three months of
abundant rainfall, these canals are dry. Giveratigence of public garbage containers, often
these canals serve as waste disposal areas. Hemee,the rainy season arrives, they often
overflow, due to the presence of garbage. In thnss, it could be argued that the presence of
canals constitutes not only a measure of waterdsadi the neighborhood, but also a measure
of insalubriousness at neighborhood level. In themmunity dataset, the 12 neighborhoods
surveyed that have a canal are in Dakar-city drufisque, at the edge of the metropolitan

area.



A spraying campaign in the past seems to have atimegnfluence on the childhood fever
occurrence, but the standard error associated tiwéhodd ratio doesn’t allow drawing any

conclusions without a statistical error.

The analysis of the random effects shows thathe émpty multilevel model, the intra-
household correlation showed that 11 % of the nagaof the dependent variable - childhood

fever - is related to household factors. The betwemisehold variance is also significant.

Table 2— Random part from hierarchical regressions omigitkefactors for child fever

Model 1 Model 2 Model 3
(empty) (household) (complete)
Inter-household variance 0.428 0.446 0.453
(0.300-0.555) (0.273-0.618) (0.288-0.618)
Intra-household variance 11.3% 11.8% 12.0%
Inter-neighborhood variance 0.061 0.047 0.026
(0.017-0.104) (0.010-0.084) (-0.003-0.055)
Intra- neighborhood variance 1.6% 1.2% 1.0%

The intra-neighborhood correlation showed that%.6f the total variance is related
to neighborhood factors. The neighborhood varialnelsided in the final model explain 45%

of the between neighborhood variance of the risleoér.
Discussion/Conclusion

Our results suggest that childhood fever occurreadefluenced by factors from all three
hierarchical levels. At the household level: solidste and wastewater management facilities
play a significant role in the risk of fevers fdmildren. At the neighborhood level, it is the

seasonality of salubriousness and of wetlands wtocistitute the key risk factors.

However environmental factors at the household r@ighborhood levels play a relatively
lower role than the individual level. This is notirgrising, since the first source of
heterogeneity in health is individugWagstaff et al.,, 2001)In addition, the number of
neighborhoods included in this study is close ® hinimum desirable for such models. A

larger study may render these results even weigihi@a in this present survey.

The authors recommend the combining use of mudilemodeling and spatial data (land
cover maps and spatial entomological data), maimlydentify more accurately ecological
targets for public health policy (Diez-Roux 20081ax et al., 2005).
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