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ABSTRACT

The present study focused on the analysis of the risk factors of diarrhea in Southern Benin. Data have been collected
from 442 peasant households on the basis of a stratified random sampling method in the targeted communities, with
information on the source of water provision, the location of the village, the usual defecation place, the site of refusing
dumping and the presence of trash dump in the vicinity of the household. Data have been analyzed using descriptive
statistics. In addition, analyses of variance and log-linear analyses have been applied to test the various factors in the
outbreak of diarrheas. Results have allowed a hierarchical organization of the drinking water sources with regards to
their use and to the cases of diarrheas (boreholes: p < 0.001; rainwater and territorial water: p < 0.001; wells: p = 0.547
and pipe-borne water: p = 0.277. If we rule out people’s insanitary behaviors, the impact of some risk factors such as
the sites of waste disposal (2%) and excreta disposal (1%) is of little influence in comparison to the water supply source
and the place of residence, which play respectively for 62% and 30% in the outbreak of episodes of diarrheas in house-
holds. It follows that, to curb the diarrhea morbidity, there is the need to improve the water supply policy and the envi-
ronmental sanitation.
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1. Introduction some pathological processes that contribute to the break-
out and spread out of morbid phenomena within a given
community” [2]. Likewise, the interactions between the
ecological conditions and the spread-out of contagious
diseases are estimated through the factors of insalubrity
such as the lack or the bad quality of water supply, a poor
sanitation, an inadequate draining of solid wastes etc. [3].
Thus, factors like access to water and environmental
sanitation play a key role in the breakout of diarrheic
diseases. In many studies, the various ways people get
drinking water have been identified as major risk factors
of diarrheas [4-8]. This diversity and alternation in water
supply sources causes drinking water to bear multitude of
physical, chemical and biological agents that make a
number of water sources unhealthy [9]. As to insalubrity
itself, the main concern bears on sanitation with the
presence of pathogen germs on refuse heaps [10]. A lot
of pathogen germs survive in the environment via excreta,
solid and liquid wastes from households and the com-
munity as a whole [11]. It is believed that wastes from
“Corresponding author. households and waste water are vectors of almost the

Diarrheic diseases are permanent health concerns in West
African countries in general and in Benin in particular.
Figures show that these diseases rank third as the most
killing infectious diseases in the world with some 2.5
millions of death in 2004, irrespective of age [1]. In
terms of Disability-Adjusted Life Year (DALY), diar-
rheas rank first in 2007. A Sub-Saharan African individ-
ual is likely to suffer from diarrhea in a range of 39.1%
against 7.2% for an individual in developed countries [1].
In Benin and for diarrheic diseases alone, the number of
DALY per inhabitant and per year which is imputable to
environmental factors (water, sanitation and hygiene) is
of 34 years for 1000 inhabitants in 2007 against 0.2 for
lowest rate in the world [1]. Thus, environment is the
major factor of diarrheic diseases which, in turn, are the
major consequence of inadequate or polluted environ-
ment. An epidemic-breeding area is known as “an area
which hosts pathogen germs, which causes in the body
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types of pathogen germs (bacteria, viruses and parasites)
that are dejected by sick people and carriers of endemic
enteritis diseases [3,12]. Those solid and liquid wastes
can be considered as the most serious potential source of
great variety of pathogen agents. It is also admitted that
almost all the pathogen agents that are present in excreta
can survive enough in water, waste and soil to put peo-
ple’s health in danger [10]. Thus, the infections agents
of diarrhea are spread out by feca-oral route notably
through ingestion of contaminated water or food by
stools or by direct contact with some infected stools. The
farmers living in the depression of the TCHI are not ex-
empt from this situation. The epidemiologic features in
this area, following the situation in the humid areas in the
southern part of the country, position diarrhea as the
second or third of the most frequent affections [13]. The
analysis of this epidemiologic feature makes believe at
first that there is a standardization of the incidence of
diarrhea within the population. This false view is being
investigated in a humid area where the poor water supply
and the unhealthy conditions help increase the centers of
incubation for various pathogen microorganisms. The
objective of the present study is to analyse the causes of
the variation of the incidence of diarrheas in the depress-
sion of the TCHI community and to assess the most im-
portant factors of the incidence of diarrheas.

2. Material and Methods
2.1. Description of the Area of Investigation

The depression of the TCHI community is part of the
western segment of the great central clayish depress-
sion that runs east and west of the sedimentary basin in
the south of Benin and which is known as the Lama de-
pression. Covering the Mono and Couffo regions, the
depression of the TCHI is located between the plateau of
ADJA in the north, that of COME in the south and the
non-irrigated lauds of the AGAME in the west. It is com-
prised between latitude 6°52' North, latitude 6°37' south,
1°58' longitude East, 1°50" longitude west (Figure 1).

A river known as the Couffo runs through the depress-
sion. It is 190 km long with a tropical hydrology rate of
flow (9.59 m%/s in August and 9.83 m%s, when there are
floods, 0.58 in May and 0. 92 m*/s in times of drought
[14]. When there is rise in the river, the poorly flooded
areas are used for market gardening and for the second
season crops. The depression has a subequatorial climate
type characterized by an annual succession of four sea-
sons with some 950 mm to 1000 mm of rain per year
[15]. The population of LALO Local Government has
grown from 46,673 inhabitants in 1979 to 79,685 inhabi-
tants in 2002 [16]. The density is 182 inhabitants/km?,
with an estimated farmer population of about 70,180 in-
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dividuals.

2.2. Sampling Methods and Collected Datas

Data have been collected on the basis of a semi-struc-
tured interview with selected households in the depress-
sion following a simple random sampling scheme. The
total number, n, of targeted people for the survey has
been determined using the normal approximation of the
binominal distribution [17]:

2

Ul_% Xp(l—p)
dZ

In (1), n = sample size; p = proportion of households
in the surveyed district (p = 88.27%; INSAE, 2002);
U, ., = value of the normal random variable of prob-
ability value 1-a/2. With o = 0.05, U,_,,=196; d =
margin of error of the estimation of any parameter to be
calculated from the sample of size, n; for d = 3%, the
number of households to be investigated have been esti-
mated at 442. A proportional sample has thereafter been

used to determine the number of households to be invest-
tigated in a given community, Nr:
_560x N

Nr ;
NT

n=

N = number of households in the community (N = 442);
Nr = total number of households in the investigation area;
the number of surveyed households by community is
shown in Table 1.

Data collected in every household were related to
water provision sources, cases of diarrheas known in the
household, trash and excreta management and the sanita-
tion in the house.

2.3. Data Analysis

The effect of the type of population on the choice of a
priority source of water provision by a given population
has been assessed by applying a two factors log-linear
analysis [18]. Besides, to assess the effect of the type of
population and of the area on the prevalence of diarrhea,
an analysis of variance with two fixed actors has been
conducted out. In such a model, the two factors consid-
ered are the type of population and the source of water
provision. Where the interaction between the two factors
is significant, the adjusted means of the levels of each of
the factor have been estimated with regard to the other
factor and have been accordingly tested. Moreover, in
order to measure the distribution of diarrheas considering
the space (the communities where the study has been
carried out), a hierarchical model of an analysis of vari-
ance has been used. In this model, the main factor is the
area (plateau and the depression) and the nested factor to
the area is the community.
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Figure 1. Site map of the depression of the TCHI.

Finally, in order to measure the weight of some sig-
nificant factors of the occurrence of diarrheas, an analy-
sis of variance has been applied to the data related to the
effect of each of these factors of the incidence of diar-
rheas (water provision source, location of the village, the
place where children defecate, the refuse dumping site,
the usual defecation place, the presence of trash dump
in the house yard). The F statistical values of Fisher-
Snedecor have been considered for each factor. In fact,
those values show the importance of the number of cases
of diarrhea and have been used to draw graphics that
illustrate the weight of each factor in the occurrence of
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diarrhea.

3. Results
3.1. About the Water Provision

The sources of water supply the most used in the area are
wells, boreholes, and rainwater (Table 2). From Table 1,
we deduce that all these four types of water provision
sources are of use in the area with a high reliance on
water from boreholes. So the priority source is the bore-
hole (1093 households) whereas waterborne are the least
used (56). Nevertheless, the extent at which every source
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Table 1. Surveyed communities and details of the sample.

Communities Number of Number of surveyed
households (7) households (Nr)

Tchito 697 19
Tchi-Ahomadégbé 580 16
Banigbé 600 17
Zalli 799 23
Lalo 1155 32
Lokogba 1823 42
Hlassame 1501 38
Adoukandji 1140 30
Tohou 1001 22
Ahodjinako 843 23
Gnizoumé 765 19
Lobogo 3585 37
Bopa 666 10
Gbakpodji 712 17
Agbodji 1395 31
Badazouin 2293 55
Yegodoé 947 11

Source: INSAE, 2002.

Table 2. Distribution of water sources supply in every
household, irrespective of social class.

Pipe-borne

Others
water

Type of population Boreholes Wells

Populations living and

working in the wetland 277 19 1 167

Populations living in
the wetland but working 460 127 55 86
on the tableland.

Populations living and

working on the tableland 356 40 0 180

is used varies from one population to the other (Table 3).

Results of log-linear analysis applied to Table 2 reveal
some significant difference between the sources (p <
0.001), which, despite the alternation of sources in rela-
tion to seasons, is an evidence of their hierarchical struc-
ture. A major difference (p < 0.001) can also be observed
when one considers the types of populations, which
shows that they do not share the same habit in the provi-
sion of water. The significant interaction between the
type of population and the water provision sources indi-
cate that the distribution of households based on the four
sources is determined by the group to which a population
belongs. It follows that households do not choose the
types of water sources at random. Whether they live on
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Table 3. Distribution of number of cases of diarrheas ac-
cording to the type of population and water provision
source.

Type of population Mean  Standard deviation
Populations A 3.94 1.80
Populations B 3.58 1.33
Populations C 4.52 1.50

Source Mean  Standard deviation
Borehole 3.60 1.30
Well 4.02 1.09
Pipe-borne water 1.89 1.05
Rainwater and water from the river 5.59 1.40

Population A: households living and working in the wetland; Population B:
households living on the tableland but working in the wetland; Population C:
households that living and working on the tableland plateau.

the plateau or in the depression, or that they go and work
on the plateau or in the depression, the priority sources
are not the same. It is then established that, whatever the
type of population, sources differ. The significant inter-
action reveals that the types of populations do not use the
same sources. However, it is mainly the wells, pipe-
borne water and the other sources (rainwater and water
from Couffo River) that help discriminate the most the
populations because boreholes are widely used by them.

3.2. About the Environmental Sanitation

As for the disposal of domestic waste in the nature, it
concerns 55.2% of the households and is generally made
not far from the compounds. Only 25.8% of the house-
holds dispose their waste at more than 100 m away from
the houses. As to the draining of excreta, it is done in two
ways: discharge in the environment (74.2%) and the use
of common pits that are present in some compounds
(25.8%). In addition, animal dejections were noticeable
in the compounds of 50.9% of the households.

3.3. Impact of the Risk Factors on Health

3.3.1. Access to Water and Diarrheic Episodes
The mean score of cases of diarrhea by type of popula-
tion and by source is shown in Table 3.

The distribution of the average cases of diarrheas per
type of population shows that populations C are the ones
that experience the most cases of diarrheas (4.82). Then
follow populations A and B with 3.94 and 3.58 respec-
tively. The distribution of cases of diarrheas per type of
sources indicates that rainwater and river water are re-
sponsible for most cases of diarrheas (5.59) followed by
water from the wells with a mean score of 4.02 cases.
Water that originates from the pipe is responsible for
only 1.89 cases of diarrhea on average. Results show that
the hierarchical organization of the sources and the dis-
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tribution mentioned above has an impact on the number
of cases of diarrheas in the households (Table 3). Thus,
there is a close relationship between sources of water and
cases of diarrheas. The comparison between the types of
population and the sources taking into account the cases
of diarrheas is shown on Table 4.

Results of log-linear analysis show a difference be-
tween the types of populations (p < 0.001) and the
sources (p < 0.001) with regards to the cases of diarrheas.
Thus, the types of populations do not suffer from diar-
rheas the same way and do not experience the same
number of cases. The interaction between the type of
population and the source of water supply being signifi-
cant (p < 0.001), the populations have been assessed in
relation to themselves for each source of supply and the
sources of supply have been compared for each type of
population with the option “sliced” of SAS Software.
Results are presented in Table 5.

Table 5 shows that for each of the populations A, B
and C there is a very significant difference in the sources
of provision with regards to the number of cases of diar-
rheas. Likewise results of Table 6 indicate a significant
difference in the vulnerability of populations to diarrhea
as far as boreholes, Rainwater and river water are con-
cerned. For the other sources, however, there is no dif-
ference between the types of populations.

3.3.2. Refuse Management and Episodes of Diarrheas
With regards to the dumping site, we notice that the av-
erage number of cases of diarrhea is 3.85 with the popu-
lations which dispose their waste close to the house and
4.34 for the households which take their refuse as far
away as a 100 m from their compound, that is, at a fixed
point in the radius. That average goes up to 3.16 for those
who dispose their waste at a more than 100 m away from
the house and to 4.41 for the households which pile up
refuse to make small heaps at home before taking them
away (Figure 2).

There is a significant relationship (p < 0.001) in the
distance between the house and the disposal site and the
number of cases of diarrheas taking into account the area
(wetland and tableland). Thus, the more distant the site

Table 4. Comparison of the types of population and the
sources with regards to the number of cases of diarrheas:
results of log-linear analysis.

Source DF  TypelllSS MS  Fvalue Prob.

Typpop 2 2.73 136  16.96 <0.0001

Source 3 39.55 13.18 163.29 <0.0001
Typpop x source 5 6.82 1.36 16.90 <0.0001

Typpop: type of population; Source: water supply source; Prob.: probability
value at & = 0.05.
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Table 5. Decomposition of the interaction between types of
population and the source of water provision.

Sum of Mean

Typpop DF Squares  Square FValue Pr>F
Populations A 3 31.754 10.584 131.09 <0.001
Populations B 3 19.320 6.440 79.76  <0.001
Populations C 2 10.570 5.285 65.45 <0.001

Sum of Mean
Source DF Squares  Square FValue Pr>F
Boreholes 2 18.89 9.44 116.99 <0.001
Wells 2 0.09 0.04 0.60 0.547
Pipe-borne water 1 0.09 0.09 118  0.277
Rainwater and 265 132 1646 <0.001

water from the river

Population A: households living and working in the wetland; Population B:
households living on the tableland but working in the wetland; Population C:
households that living and working on the tableland plateau.

Table 6. Comparison of diarrhea cases taking into account
some diarrhea risk factors: results of ANOVA.

Source DF Type Il SS Mean Square F Value Pr>F
Comm 14 192.89 13.77 6.29  <0.000
Typpop 2 502.33 251.16 108.66 <0.000
Refdisp 2 22.59 11.29 437 0.012
Depsit 4 55.81 13.95 5.43 0.000
Typpop x refdisp 2 5.44 2.72 124  0.288
Typpop x Dpsit 5 16.40 3.28 1.50 0.187
Refdisp x Dpsit 2 2.45 1.22 0.56 0.571

Comm.: community; refdisp: refuse disposal mode; dpsit: dumping site;
Typpop: type of population.
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Figure 2. Distribution of cases of diarrheas on the basis of
the evacuation mode.

of disposal from the house, the less frequent episodes of
diarrheas in the household. With regard to cases of diar-
rhea, neither the savage defecation nor the use of septic
pits is responsible for the same number of cases of di-
arrheas (p < 0.001). The average number of cases of di-
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arrheas considering the usual defecation place is 4.16 for
the population who are used to defecating carelessly and
4.05 for those who make use of septic pits. However,
data show that the highest number of cases of diarrheas
(4.25) is registered in households where children are used
to defecating close to the house. Then follow the house-
holds where children defecate behind the house (54.11)
and those which have a disposal not far from the house
(4.10). Obviously these results are barely significant
when compared to one another except with the users of
septic pits who display an average number of less high
cases.

3.3.3. Housing and other Risk Factors in Cases of
Diarrheas

The distribution of cases of diarrheas with regards to

factors like space and the management modes of wastes

is shown in Table 6.

This table shows a significant difference (p < 0.001)
between communities as to the number of cases of diar-
rheas, which means that the distribution of cases is made
in accordance to two areas (plateau and depression) with
different numbers of cases of diarrheas. As for the refuse
disposal site and the management mode, there is a high
significant difference. It follows that there is a differen-
tiation in the cases of diarrheas with regards to the set
variables. The distribution of cases of diarrheas taking
into account the inhabited area (plateau and depression)
is shown in Figure 3.

The distribution of average cases, with regards to
communities, shows that communities which are located
in the wetland experience more cases than those living on
the tableland. The villages with a high rate of cases of
diarrheas happen to be in the wetland whereas those with
a low rate are on the tableland. That distribution also
corresponds to the water service standard in the local
government where the studies have been carried out.
Nevertheless, the ordinary defecation places account for
the same number of cases of diarrheas (p < 0.364)
whereas the comparison of the areas show that communi-
ties that are located in the wetland and those on the ta-
bleland experience average numbers of different cases of
diarrheas.

3.3.4. Assessment of the Influence of Some Risk
Factors

The comparative analysis of the influence of several risk

factors shows that water and space have a great influence

on the cases of diarrheas in the households, which means

that there is a difference of influence of these factors in

the incidence of diarrhea (Figure 4).

From this figure, the hierarchical organization of the F
values of the ANOVA on risk factors shows that the sup-
ply source (F = 292.71) has the greatest influence (62%)
compared to the other risk factors. Then follows the loca-
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Figure 3. Spatial distribution of cases of diarrheas in the
area of investigation.
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Figure 4. Degree of influence of some risk factors on the
diarrheic morbidity in the area of investigation.

tion of the village (F = 139.9) with a degree of influence
of 30%. The other factors of risk contribute for less than
8% in the morbidity related to insanitary. These are the
refuse dumping site (F = 5.92), the usual defecation place
(F = 1.03); the place where children defecate (F = 3.84)
the present of small dumping for a first level collection
of refuse in the courtyard (F = 20.32).

4. Discussion

4.1. Water Supplying and the Variation of the
Incidence of Diarrheas.

The variation of the incidence of diarrheas with regards
to two important risk factors that are water and space is
real. Water is then a pathogen factor often cited with the
incidence of diarrheas, as it is for many other diseases, in
the sense that it constitutes an essential link in the epi-
demiology chain of many of them [19], especially in re-
gions where there is a lack of it. An adequate supply of
clean water helps prevent the spread of diarrheic diseases
and promote family hygiene [20]. The hierarchical or-
ganization of sources is the consequence of the seasonal
alternation of water supply sources within the households.
During the dry season there is a great tendency at using
water from boreholes and wells, whereas the rainy season
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makes it easier the use of other sources. Such an alterna-
tion is explained by the fact that water service in the area
is rather poor and so does not help meet the need of
households. The link between water and diarrheas then
resides in the changing of sources of supply of drinking
water as it is noticed within the communities. However,
the diversity in the modes of drinking water supply has
been identified as a significant risk factor of diarrhea
[5-8,21]. Nevertheless, besides the contamination and the
alternation of the sources in accordance with the season,
the difference between the populations can be fully
grasped when one follows the remark made by Augur
[22]. He held that, generally speaking, man reacts well
against the water pathogen agents that usually prevail in
his environment. But he is prone to intoxication when he
gets exposed to new stereotypes due to change of envi-
ronment or of supply source. Then alternation also ex-
plains the link between the sources of water supply and
the cases of diarrheas. In other words, the more satisfying
the access to water is, the more limited the contamination,
with a significant curb in diarrheic morbidity [10]. How-
ever, caution should prevail not to exaggerate the inter-
pretation of the choice of a source which is much more
dictated by the restriction of the supply rather than by
any real preference among available sources, knowing
that the move is generally towards immediate sources. It
is nonetheless noticed that at equal distance, households
often prefer boreholes sources. Anyway the supply
source is considered an indicator of people’s behaviors as
regards hygiene, health or environmental sanitation [10].

4.2. Space Effect and Spatial Variation of the
Incidence of Diarrheas

Variations linked to the environment modulate the ex-
pression of diseases according to places and times [23],
which explains why the variation of the incidence of di-
arrheas at the space level is significant [10]. However,
this modulation is expressed in terms of how much in-
sanitary the environment is. So, the contribution from
space cannot be fully grasped without the conjunction of
other risk factors like the management of waste. At this
level, the people’s perception of space as a “no man’s
land” on which refuse can be dumped is a parameter to
be taken into account. The destruction of the vegetation,
which is noticed on the plateau as well as in the depress-
sion, contributes to the flow out of rainwater, which
eventually carries away the waste to the zone of depress-
sion. The leaching of the land which results from it dis-
plays a wide variety of physical, chemical and biological
phenomena for which anaerobic processes overlap to
pollute ground water. In the meantime, it is admitted on
the one hand that diarrhea spreads out more rapidly in
area where hygienic conditions are poor or disastrous.
[8,12,24-26] and, on the other, [27] observes that of the
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determining risk factors so far known in the diarrhea
contamination of children under five, the modes of ex-
creta evacuation are of high importance. If we posit it
that, for a transmissible disease to become endemic in an
area when we rule out the sources of contamination,
there is the need for the causal agents to find some
propagation ways [12] and for the survival of the patho-
gen germs in the external environment to be so long as
the environmental conditions could allow it [6], we could
agree with [7] that ingestion of fecal pathogen germs via
drinking water could result in diarrheic diseases. Never-
theless, in some other studies on the origin of the con-
taminations of water, there are nuances to these results.
Indeed, [28] states that “low population densities (2 to 20
inhabitants/km?) and the dispersion of excrement to the
soil surface, rather than their incorporation into concen-
trated flows through the sewers” are involved in weak
contamination of groundwater. The low population den-
sity in rural area in comparison with the urban area is an
unfavorable factor to the mass-production of waste. But
the geomorphology of some spaces like the zones of de-
pression leads to a mass contamination. Meanwhile, it is
inadequate to perceive the spread out of excreta as a lim-
iting factor to groundwater contamination, since the use
of the environment as excreta draining site and the dis-
posal of waste in the vegetations that border the villages
contribute to drinking water contamination, through rain-
water streaming or infiltration, and, even in some cases,
through passive contamination by wandering house ani-
mals.

The diversity of the ways people get drinking water,
the alternation of the supply sources according to the
seasons, the poor access to drinking water and the in-
sanitary conditions are the significant risk factors of
cases of diarrheas in rural areas. It follows that through-
out the year diarrhea appears endemic with varying epi-
sodes according to space, water supply source and heal-
thy behaviors. If the comparative study of the mean score
for the different supply modes, the insanitary conditions
and for the space has established the association of the
incidence of diarrheas to these risk factors, it is then a
fact that the benefits of any improvement of these factors
should have some impact on the reduction of the inci-
dence of the disease. Hence, there is the need on the one
hand to carry out further studies on the seasonal character
of diarrheic morbidity in relation to environmental pa-
rameters, and to draw the implication of the studies for
the economical capacity of households at participating in
the sanitation process in order to make policies best ad-
just to local realities.
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