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Introduction

In sub-Saharan Africa, a major cause of childhomgefs are water-borne diseases, such as
typhoid, or water-related diseases, in particulasquito-borne pathogens such as malaria,
dengue and other arboviral diseases. Such diseasesint for approximately 17% of the
estimated global burden of infectious diseases (WA8Q4). Due to the rapid and unplanned

urbanization, these diseases represent a substautiiec health concern (Robert et al. 2003).

Numerous factors play a part in child health ddfarals. These are manifested at the
individual level (Wagstaff et al., 2001)But other contextual factors should be considered
when investigating the associations of dispariwis health outcomes (Holmes et al. 2008,
Merlo 2003), and neighborhood effects in particulubramanian 2004). Long before,
Mosley and Chen (1984) were among the first to rikeoenvironmental factors such as

intermediate biomedical factors affecting child mabty, named "proximate determinants'.

The occurrence of childhood fever is particulariyaltifactorial process, related to people, to
the household and to the environmental neighbowtivdere the child lives. In Sub-Saharan
Africa, although numerous cases of fever in childderring the rainy season are caused by
vectors, the web of determinants for those feversstil a complex one. The relative
contribution of each factor varies, as a functioh anmplex interactions between
environmental characteristics pertaining to both tlousehold level and the neighborhood

level.

At the household level, aspects related to housstaaction quality and salubriousness or
protective measures may favor or impede vectoregm@s Such aspects ageaings,
unscreened windows and eaves can facilitate theziegtof mosquitoes inside the compound,
while cracks and crevices in walls serve as hiditaces (S. W. Lindsay et al., 2002;
Konradsen et al., 2003; Robert et al., 2003; Yantansd al., 2010; Yusuf et al., 2010)
Characteristics referring to salubriousness alsy @in important role, by means of water
storage inside the compound (Tsuzuki et al. 2009 role of protective measures is
somewhat disputed. On the one hand, protective unemsn general — and long-life treated
insecticide nets in particular — have long provieeirt efficiency (Snow et al. 1988). On the
other hand, studies have shown that the use ofrmgesures is highly dependent of mosquito
nuisance, which is a function of the vector's dgnérhomson et al. 1994; Chavasse et al.
1996; K. Yohannes et al. 2000). Therefore, the afsprotective measures is not equally
distributed in the whole population, also due toie@@conomic and cultural factors (Ng'ang'a
et al 2008; Adongo et al 2005).



At the neighborhood level, the presence of wetlandde area is among the chief factors
which increase the risk of mosquito-borne diseaBesds, flood plains can also favor vector
reproduction since they constitute stagnant wateueh wetlands may be either natural or
man-made, though the former are less prevalentiaruareas. Market-gardens equipped with
wells, constitute a favorable environment for maosglarvae (Pages et al. 2008; Robert et al.
2003). Urban farming can also favor vector reprtidu¢ by means of the man-made water
bodies used for irrigation (Ghebreyesus et al. 200éXthys et al. 2006; Van Benthem et al.
2005). Mosquitoes have been found to breed suadbssgi (fish) ponds, flood plains and
irrigated fields, since they constitute stagnantens (Elston 2005; Keiser et al. 2005;
Peterson et al. 2009). If present, natural wetlandsuch as swamps and streams — also
increase the risk of disease (Matthys et al. 2&afijert et al. 2003; Staedke et al. 2003).

Studies performed by conventional single level wied! methodologies have been seriously
criticized, primarily because they fail to considlee existence of a multilevel structure when
analyzing childhood fever in different environmdgitat is children nested in household,
nested in neighborhood). Single level analyses nastienate statistical uncertainty and lead
to inappropriate conclusions, providing an unsuéaasis for decision making. A single

level analysis is unable to discern whether theeokesl variation in childhood fever is

attributable to individual differences between dreh, 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 moeiteironmental health, as it allows a less
biased estimation of uncertainty, and can alsoragpand quantify contextual effects (Chaix
et al. 2005; Diez-Roux 2001).

It is thus clear that urban mosquito-borne fevems kighly diverse, both in terms of
transmission and prevalence, and cases tend teichsar mosquito breeding sites (Peterson
et al. 2009; Staedke et al. 2003; Sutherst 200dgn Ehough previous authors have already
shown the theoretical existence of a relationstepwben environmental threats and child
health, the complex processes underlying this @ssmc still remain poorly highlight by
empirical evidence, in Africa in particular. Apaftom the individual and household
characteristics, environmental factors at bothhbaesehold and the neighborhood level can
have an influence on those fevers especially duttegrainy season. The objective of this
paper is to identify environmental threats assediawith fever occurrence in children in
Dakar using a multi-level approach. Dakar, the tehpity of Senegal ranked 18®ut of 183

countries according to the Human Development IndeNDP 2011), is particularly



interesting from this point of view. The climatehist with a short rainy season and very low
annual rainfall. In addition, due to both rapid plgtion growth and the increasing prevalence
of individual houses, Dakar experiences a rapicaegn of its urban space (ANSD 2010),
especially in suburban area, leading to a sigmficmcial and environmental heterogeneity.
This spatial expansion in the suburbs was madecantinues to be made in areas that were
traditionally wetlands, creating a large heteroggna the environment, with green areas or
floods during the rainy season (Mbow et al. 2008)erms of vector-borne diseases, Diallo
and colleagues (2012) showed that a risk of malaaasmission and a parasitological
prevalence are variable but very significant intaerneighborhoods of Dakar, especially in

the suburbs.

After presenting the conceptual framework, the ewtst are described. We briefly discuss the
data and the statistical methods used before piegete results. Finally, we discuss the

limitations of our approach as well as future depetents for its improvement.
Methods

Data collection

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

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

The selection of study sites was made to highliglet socio-economic and environmental
heterogeneity of the urban zone. The objective t@asurvey homogeneous zones and the
most heterogeneous zones between them. A classificay dynamic clusters (K-means
method), using census variables belonging to theedapic (housing, household equipments,
sanitation) selected from a principal componentyais identify 5 types of census area (DR
for district de recensement) (ANSD 2010). 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 sit@seol 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, themgmgsenting one neighborhood (Figure 1).



Figure 1 — Map of the survey sites, Actu-Palu project, 2aD&kar, Senegal
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To be eligible, a household must contain at least child aged 2-10 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.

Key independent variables
Household environmental variables

Household environmental characteristics were asdeby asking household respondents
guestions about having a least piped water in Wlohg (or not), a wastewater management
(sewer or septic tank versus other) and a solidevasinagement (a collecting system versus
throw outside). In addition to water and sanitatiactors, mosquito protective measures uses
were surveyed and categorized in three modalitigke statistical analysis: at least mosquito
nets for beds and/or windows, other measures ssidfuing mosquito coils or traditional

incense and none of them. The first modality wassmered to be the most effective

measure.



Neighborhood environmental variables

Neighborhood characteristics and potential enviremtal factors for disease were assessed
by a community questionnaire that comprises eigettisns, adressing physical
characteristics, salubriousness and spraying cgmgaAs in most community surveys, the
respondents were interviewed in groups. This metha@cognized to improve data quality
(Schoumaker et al, 2006; Frankenberg, 2000).

Groups of discussion were composed by the neiglooorhheadman (the traditional
neighborhood authority), the neighborhood represesmt (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 neighborhwitid,a minimum of four and a maximum

of eleven respondents.

The community questionnaire was composed by a mafirclosed questions, recommended
for collecting data comparable over district (Bdstow, 1984). It comprised 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 for some intensive discussionsddain questions. The average duration of

each interview was a little over one hour and & hal

Neighborhood environmental characteristics wereessssl by asking groups of discussion
guestions about the presence (or the absence) a@nal and wetlands. For those who
answered positively, the seasonal (or the permaneharacter was precised. The
salubriousness of the neighborhood was measuresiitwng people about the presence of
areas of floods during the rainy season, a wasevwatstem and a solid waste collecting
system in the neighborhood. Groups were also a#kedspraying campaign had been
implemented in the neighborhood to stifle the masgs carrying malaria during the last

year.
Considered health determinants

As well-known health determinants, the child’s ag&l sex, mother’s education, age and

activity and the household’s wealth were included.



Child’s age was kept as a continuous variable doice possible residual confounding. Three
mother's age group was defined: “less than 30 ye#t “30-39” and “40 and over”.
Mother’s education level comprised only two catég®rgiven the low level of education:
“no formal qualification - none” and “primary and/ex”. Mother’'s employment status was
categorized as “independent” (both in the formalndormal sector), “other job” including
formal and informal employment, “housewife” becao$¢he importance of this group (48%
of the mother) and “other”.

For measuring relative wealth, a household asseicator was constructed, based on
possession of consumer durables (e.g. radio, setevivideo, sofa, air conditioning, fridge
and ventilator). These assets likely provide hoakks long-run economic status (Filmer and
Pritchett, 2001) and perform as well as an indicét@sed on consumption (Wagstaff and
Watanabe, 2003). The variable is continuous ancesepts the sum of each item possessed
by the household. The indicator was then rangea #do 7, as each item possessed is equal

to one.

The household questionnaire and the community ouegtire 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 theamship 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 declared a fever or not), we used the
logistic form of the multilevel model. A three-ldwaodeling process was performed. Recent
fever occurrence is modeled level by level accaydiio individual, household and
neighborhood levels. We then fitted six modelstages: model 1 was empty, without any
independent variable, to calculate baseline vaeamnd individual's fever at™ and 3 level.
Model 2 incorporated child characteristics (sexe)amnd socio-economic variables (mother’s
education, age and activity and a wealth index)d®&d3 contained just household-level
environmental determinants (drinking water, wastewamanagement, solid waste
management and mosquito protective measures). Mbdelds child and socio-economic

characteristics in addition to household-level amvinental determinants. Model 5 included



both environmental covariates at the neighborh@vell(floods, shrub lands, water bodies,
solid waste and wastewater management facilitiesyl &hild and socio-economic
characteristics. Model 6 tested all individual-lev@usehold-level and neighborhood-level
variables simultaneously. All models were performusihg MLwiN version 2.2. The fixed

effect estimates were converted to odds ratios @id)significance levels were calculated.

The random effect was then analyzed. These methlbals consideration of within group
(household and neighborhood) and between-groupaea The intraclass correlation allows
calculation, on an empty model, of the proportidntlee total variance explained by the
grouping structure, in our case households andhbeifpoods. The intraclass correlation
(ICC) was estimate with the random effects, nanttedyvariance respectively from household
level and from neighborhood level. As suggeste&byders and Bosker (1999) concerning a
three level-model, two ICCs were calculated, inahhthe individual variance equal f#7/3
(3.29):

- ICC at household level: Q= (Pt A)I(cPut+ o+ TT4I3)
- ICC at neighborhood level: Q, = AAl(o?+ oA+ TFI3)

where 6%, correspondso the variance at the household level afidto the variance at the

neighborhood level.

Before estimating fixed and random effects, we yael some descriptive results, especially
to sketch the urban heterogeneity in terms of emwirental conditions. Geographic mapping

analysis was performed by using Mapinfo VersionférONindows.
Results

Environmental heterogeneity

The descriptive results based on the communitytouesire confirm that the agglomeration
of Dakar is characterized by a great environmdmgédrogeneity. The issue of salubriousness
is particularly revealing. Of the 50 neighborhosdsveyed, 39 declared to have problem with
salubriousness (Figure 2). This perception varigdstantially from one neighborhood to

another, but the problem seemed to be worst im@iki



Figure 2 — Perception about the salubriousness in the berflood (Actu-Palu, 2008)
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Figure 3 — Presence of water bodies/wetlands (Actu-Pald8p0

Wetlands

No
m Ves,seasonal
Données: Actu pak, 2008 Yes, permanent

Cantographie: NDONKY A, 2011

Concerning wetlands, of the 50 neighborhoods s@de$8 had some type of wetland. 32%
of the children in our sample lived in a neighbatiavith a permanent wetland and 6% lived
in a neighborhood with a seasonal wetland. Prditiedl of these children resided in the

suburbs of Dakar (figure 3).

Fever occurrence

The total population of this study was 7,293 claidrnested 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). There was no concentratiomigh occurrences that were distributed

all around the center as well as in the sprawl| adD.

Figure 4 —Child fever occurrence in Dakar in 50 neighboxd®o
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Multivariate results

The hierarchical organization of the data set wrelg fixed and random effects and cross-
level interactions were then considered. The figdiftable 1) indicate that the occurrence of

fever was influenced by factors from all hierarehievels.

Of the considered health determinants (model 2ividdal-level and socio-economic
household-level), being an older child and havingaher who was not independent in her
job (other job) or was a housewife were associatid lower occurrences of fever. On the

contrary, having a mother who was educated waseted with higher occurrences.

Of the household’s environmental factors (modelt@)throw outside the solid waste and to
use a mosquito protective measures were associatiechigher occurrence. Children who

lived in a household where garbage pick-up was gehédy a collecting system had less risk
of a fever than children who lived in a householteve garbage was thrown outside. Children
who live in a house not using protective measuggEnat mosquitoes were less at risk of
fever than children who live in a house using e measures. On the contrary, living in a

house where wastewater was thrown outside wasiagsdaevith lower fever occurrence.



Table 1 — Multilevel models with estimated fixed effecsd@s ratios (OR) and significance
levels) and random effects between the occurrehchilal fever, considered household-level
and neighborhood-level environmental variables aadtrolling for individual and socio-

economic factors.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Fixed effects OR OR OR OR OR OR
Considered health determinants
Child’s bio-demographic variables
Sex(male)
Femalt 1.02 1.0z 1.c2 1.c2
Age (continuous variabl 0.90* * 0.9C 0.90* * 0.9C
Household's factor
Mother’s age (< 30)
30-39 0.99 0.99 0.99 0.99
40 and over 1.08 1.07 1.08 1.07
Mother’s education (none)
Primary and ove 1.17* 1.18 1.1 1.1ex
Mother’s activity (independen
Other jot 0.76** 0.76** 0.7¢** 0.7€*
Housewife 0.85** 0.84#+ 0.85** 0.84**
Othel 0.97 0.97 0.97 0.9¢
Wealth index (continuous variable 0.9 0.9¢ 0.9¢ 1.0C
Household’s environmental factors
Drinking water (piped water in the dwellin
Othel 1.10 1.0¢ 1.0¢€
Wastewater managemen(sewer or septic tan
Other (throw outside 0.83** 0.88x 0.82**
Solid waste managemen(collecting systen
Other (throw outside) 1.38* 1.39 1.39+
Mosquito protective measures(none)
At least mosquito ne 1.63w 1.82x 1.72%x
Others measures (N0 mosquito nets) 1.87 1.85 1.77
Neighboorhood'’s environmental factors
Canal (absenc)
Seasonal preser 1.87%* * 1.81%
Permanent presence 1.18 1.16
Wetlands - Niaye (absence)
Seasonal preser 1.31 1.2
Permaner presenc 122 1.1¢&
Area of floods (absenc)
Presenc 0.8t 0.88
Wastewater syster (absenc)
Presence 0.90 0.84
Solid waste collecting systen (absence)
Presenc 0.94 0.91
Spraying campaigr (no)
Yes 0.8¢€ 0.8¢*
Random effects (standard errors)
Variance 2 (SE)
Household levelQ,) 0.43 0.46 0.42 0.45 0.46 0.45
(0.07) (0.07) (0.07) (0.07) (0.07) (0.07)
Neighborhood levelQ,) 0.0€ 0.C6 0.5 0.¢C5 0.c4 0.C3
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Intraclass correlation (%)
Household level®,) 13.0 13.6 12.5 13.2 13.1 12.7
Neighborhood levelQ,) 1.59 1.57 1.3¢ 1.31 1.0€ 0.8C

Significance level: **: p<0.01; **: p<0.05; *: p<0.1(
Reference category in parenthesis.




When household’s environmental factors and indigidavel and socio-economic household-
level characteristics (as potential confoundersjewested simultaneously (model 4), there

were no significant changes in the results.

Results also highlighted the role of the presencehé neighborhood of wetlands and canals
in the risk of childhood fever, when environmenf@adttors at the neighborhood level were
modeled with individual-level and socio-economic ukehold-level characteristics (as
potential confounders) (model 5). In particularying a seasonal canal and having permanent

wetlands in the neighborhood were associated vigthetn fever occurrences.

When environmental factors at the neighborhood|lexere modeled alongside considered
individual-level, socio-economic household-levetlanvironmental household-level factors
(model 6), there were no changes in the resultexor the effect of a spraying campaign:
having such a neighborhood measure during they&sst was negatively associated with the

childhood fever occurrence.

Model after model, the stability of the most of Bebold-level and neighborhood-level

environmental results was also noteworthy.

The analysis of the random effects confirms thataet of the variation of the fever was
associated to other than individual characteristitgeach model, the inter-household variance
was greater than the inter-neighborhood varianbes Was patrticularly the case in the model
6 where the inter-household variance was equal4b30and the inter-neighborhood variance
to 0.026. Childhood fever was more influenced biyaldes of individual and household level

than by variables of neighborhood level.

In the empty multilevel model, the intra-househalarelation showed that 13 % of the
variance of the dependent variable - childhood rfeveas related to household factors. In
contrast, the intra-neighborhood correlation showeat 1.59 % of the total variance was
related to neighborhood factors. These two intexclaorrelations were relatively low,
indicating that the lowest level of analysis, thelividual level, explained most of the

variance.

The between neighborhood variance was also integesalthough relatively low, this
variance was reduced by 50% between the model ltlmdmodel 6, highlighting the
importance of environmental variables to explaifidttood fever and proving the relevance

of using a hierarchical model to treat these nesghdod data.



Discussion

Our results suggest that childhood fever occurreadefluenced by factors from all three
hierarchical levels. At the household level: salidste and wastewater management facilities
play a significant role in the risk of fevers fdmildren. At the neighborhood level, it is the
seasonality of a canal and the presence of permavettands which constitute the key risk
factors. However environmental factors at the hbakk and neighborhood levels play a
relatively lower role than the individual level. iSHs not surprising, since the first source of
heterogeneity in health is individugdWagstaff et al.,, 2001)In addition, the number of
neighborhoods included in this study is close ® inimum desirable for such models. A

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

The majority of environmental risk factors includatcthe household level are associated with
recent fever, some in a way we may not expect fatsaglance. This is the case for the
wastewater management: children, who live in a aust connected to a sewage system,
were less at risk of fever than children who limeaihouse connected to a sewage system. One
explanation could be found in the quality of thevage system. Actually, in many areas in
Dakar, the sewage system in general is so defijcibat it poses less risk to simply throw
away waste water on the sand where it dries rapindly to use the sewage system, which will

overflow after each rain-shower.

The effect of protective measures might also b& sseunexpected. This result could be a
new proof of the limitations of self-reported infimation: the declaration if using protective
measures is not necessarily synonym to use themeatlyy which required some
guestionnaire on habits and day-to-day usage. Hemveanother explanation is plausible:
when the nuisance of mosquitoes is high, peoplenme effective protective measures. In a
recent review, Pulford and colleagues (2011) shaw & low perceived mosquito density was
the most widely identified reason for not using @sguito net. In the present database, the use
of effective protective measures is closely linkedhe potential presence of mosquitoes: in
neighborhoods where there is a permanent wetlah@p ®f the household declared using at
least mosquito nets as protective measures, whenedisose where there is a seasonal
wetland, only 55 % of the household declare usihdgeast mosquito nets as protective
measures. This proportion is equal to 42% in neaghtiod where there is no wetland. In
neighborhoods where there is a greater potentialtogh density of mosquitoes, the presence
of a wetland, the use of protective measures is.Higis suggests that the variable used here
is a proxy variable for the mosquito nuisance, eathan for an effective protection against
mosquito’s bites.



In addition, the issue of the seasonality and thpaict that changes of the environmental
context have on fever in children is highlightedhis study. In particular, the seasonality of
the canal seems to be more strongly associated thathrisk of childhood fever than the
permanent presence. The presence of a canal ineflgaborhood can influence mosquito-
borne diseases in two ways. The most obvious cadbat of permanent canals, which
constitute water bodies, thus favoring mosquitoetireg. However, there is also another
aspect. In Dakar, the role of canals is to evactgexcess water that accumulates during the
rainy season. Therefore, except for the two-threaths of abundant rainfall, these canals are
dry. Given the absence of public garbage containgften these canals serve as waste
disposal areas. Hence, when the rainy season sirthey often overflow, due to the presence
of garbage. In this sense, it could be arguedttiepresence of canals constitutes not only a
measure of water bodies in the neighborhood, bab a measure of insalubrity at
neighborhood level. In the community dataset, tRBengighborhoods surveyed that have a

canal are in Dakar-city or in Rufisque, at the edfyéhe metropolitan area.
Conclusion

The purpose of this study was double: to identifyi@nmental threats associated with child
fever occurrence and to calculate the variatiofeeér occurrence attributable to household-
level and neighborhood-level contexts. The preaaatysis addresses fever as a public health
issue, without considering the aetiological diagsioRecent fever is greatly variable between
household and neighborhood. Environmental variablad significant effects. But more
information is necessary to interpret all thesailtesdeeply. This study is a first step. In
particular and as suggested by Merlo and collea@2@39), an analysis of the variance, and
specifically the variance-altering causality, ahdit mechanisms, would be useful in order to
deeply investigate the variation of the causesallinthe authors recommend the combining
use of multilevel modeling and spatial data (lander maps and spatial entomological data),
mainly to identify more accurately ecological tasyéor public health policy (Diez-Roux
2008; Chaix et al., 2005).
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