
 

 

Relationship between the WASH,morbidity,and childhood 

undernutritionamong the Wogo, an island community in western 

Niger. 

 

Abstract 

In Niger, diseases linked to poor WASH (Water, Sanitation, Hygiene) practices are one of the 

main causes of morbidity and mortality among children under five. 

This study aimed to evaluate the relationship between WASH and morbidity and the 

nutritional status of children aged 0 to 59 months in the rural island commune of Wogo de 

Sinder, located in the Tillabéry region in the West. of Niger. 

This cross-sectional descriptive study involved a representative and random sample of 

mothers of children aged 0 to 59 months. A questionnaire was completed through a structured 

interview. The data were collected with ODK software and then analysed with SPSS and Epi 

Info version 7.2. 

A total of 250 mothers were enrolled. The study shows that most mothers surveyed used 

surface water (90%) for drinking water, while 10% used groundwater. Around 49.2% of 

mothers said that their home is on the banks of the river, compared to 36.8% who lived less 

than 30 minutes away. Their main water storage containers are jars and buckets, with 42.4% 

and 36.6%, respectively. Among the respondents, 40.4% did not practice any water treatment, 

53.2% filtered the water with a cloth, and 6.4% treated the water with bleach. Only 21.6% of 

mothers washed their hands with soap after using the toilet or feeding the infant. About 72% 

of households did not have a latrine. Wasting, underweight and stunted growth affected 

31.2%, 41.6%, and 43.2% of children whose mothers did not wash their hands with soap. 

Morbidity affected 35.2% of children whose mothers used surface water for drinking water. 

WASH knowledge and practices remain inadequate in the rural commune of Sinder and 

negatively affect the nutritional and health status of children under 5. 
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Introduction 

Child undernutrition contributes to approximately 45% of deaths among children under 5 

years of age, and the burden is relatively high in low- and middle-income countries[1], [2]. 

Lack of access to water, sanitation, and hygiene (WASH) is one of the leading causes of child 

undernutrition[3], [4], [5]Indeed, inadequate WASH promotes the transmission of infectious 

diseases, which are significant factors favouring child undernutrition[6], [7]. Healthy WASH 

practices include adequate sanitation, safe drinking water, hand washing with soap, food 

hygiene, safe child feeding facilities, and a clean play environment[8]. 

In 2010, equitable access to water, hygiene, and sanitation was recognised by the United 

Nations (UN) General Assembly as a human right; then, the same decision was reaffirmed 

the same year by the Human Rights Council [9]. Indeed, around 1.8 billion people drink 

water contaminated by faeces, and 2.4 billion people do not have access to appropriate 

sanitation, of which around a billion defecate in the air. free[10]. 

Promoting hygiene and guaranteeing access to drinking water and sanitation has proven 

effective in reducing cases of child undernutrition, as has been reported in Peru[11], 

Brazil[12], India[13], Mali[14] and Ethiopia[9]. Other authors have also reported a positive 

association between improved WASH conditions and child growth[13], [15]. Thus, a 

reduction in open defecation[16]and improved sanitation coverage[17] at the community 

level have been associated with a reduction in stunting. 

In Niger, water-related diseases and poor hygiene and sanitation practices constitute one of 

the leading causes of morbidity and mortality among children under five[18]. The objective 

of this study is to evaluate the relationship between WASH and morbidity of children aged 0 

to 59 months among the Wogos, an island community in western Niger. 

I. Methodology 

1. Study area 

This study was conducted in the island rural community of Sinderon the Niger River(figure 

1). It covers an area of 300 km
2
 and comprises around fifty islands. It is located in the 

Tillabéry region (15°2‘27‘‘N 2°42‘18‘‘E), one of the eight (8) regions of Niger. Twelve (12) 

villages were the subject of this study by drawing lots. 

 



 

 

 

Figure 1: Map of the island rural community of Sinder 

2. Type, Period and duration and study population 

This is a descriptive cross-sectional study with two passages. The 2 visits to the study area 

were carried out just after the harvests (October-December) and during the lean period (June–

August) of 2021. Questionnaires on access to water, Hygiene, and sanitation were 

administered to a representative sample of mothers of children aged 0 to 59 months. The 

children's anthropometric parameters were measured. 

3.  Inclusion criteria and ethical considerations 

The study was approved by the Scientific and Academic Council of the University and 

authorised by regional and municipal administrative authorities. The protocol conformed to 

the 1975 Declaration of Helsinki, as revised in 2008. Participation in the study was voluntary. 

All mothers with children aged 0 to 59 months whose informed consent was obtained were 

included in the study. No biological samples of any kind were taken. 

4. Data collection and processing 

The ODK Open Data Kit software was used for data collection and processing with SPSS 

software (version 28.0). IBM Corp. Released in 2021. IBM SPSS Statistics for Windows, 

Version 10. Armonk, NY: IBM Corp and Epi info software version 7.2. Atlanta Center for 

Disease Control and Prevention (CDC), United States, in collaboration with the World Health 

Organization (WHO), free software tools for public health practitioners and researchers 

worldwide. 



 

 

III. Results 

The survey made it possible to enlist 250 breastfeeding or non-breastfeeding mothers of 

children aged 0 to 59 months, volunteers from the rural commune of Sinder in the Tillabéry 

region of Niger. 

 

Table 1: Distribution of mothers according to the source, accessibility, method of storage, 

and type of drinking water treatment. 

Parameters  %(N)   

Source of drinking water supply 

Drilling 10(25) 

Surface water 90(225) 

Travel time to get water  

Water on site 49.2(123)  

Less than 30 mins 36.8(92)  

30 min or more 14(35) 

Water storage in the household 

Cans 20(50)  

Jars 42.4(106) 

Buckets 36.4(91) 

Others 1.2(3) 

Water treatment to make it drinkable 

No treatment 40.4(101)  

Alum Treatment + Filtration 53.2(133)  

Decantation + Bleach 6.4(16) 

The number in parentheses indicates the number of mothers: %(N). 

Table I shows that only 10% of mothers used borehole water; the rest drew their water 

directly from the river. Around 49% of mothers live on the banks of the Niger River, and 

37% live less than 30 minutes from the banks. In households, water is mainly stored in jars 

(42.4%), buckets (36%), and cans (20%). When the river is flooded, the mothers surveyed do 

not use any treatment to make the water drinkable. The only precaution taken was to go at 

dawn to draw water before the children's bathing, laundry, and washing up began. During the 

rainy season, the river water is contaminated by impurities and mud from the tributaries that 

flow into it. During this period, approximately 59.6% of mothers treated drinking water. The 

treatment processes are decantation with Alum plus fabric filtration (53.2%) and simple 

decantation plus bleach (6.4%). Mothers use potassium alum (a double salt of potassium 

aluminium sulfate (KAl(SO4)2.12H2O) which they pour into the cloudy water while stirring 

it with a spatula to precipitate impurities; after this operation, they use nylon fabrics to filter 

it. This method is only used in winter when the surface water is cloudy. 

 



 

 

Table 2: Hand washing with soap by mothers and using latrines in households. 

Parameters %(N) 

 

Hand washing with soap at critical times 

Yes 21.6(54) 

No 78.,4(196) 

Total 100(250) 

Critical times for handwashing with soap 

When returning from the toilet 13.6(34) 

Before feeding the child 2.4(6) 

After returning from the toilet and before feeding the child 5.6(14) 

Total 21.6(54) 

The number in parentheses indicates the number of mothers: %(N) 

 

Table II shows that washing hands after returning from the toilet or before feeding the child is 

practised by 21.6% of mothers, among whom 5.6% wash their hands with soap when 

returning from the toilet before feeding the child. 

 

Table 3: Practice of drinking water treatment according to mothers' education level. 

Level of 

Schooling 
No 

treatment 

 

Filtration 

 

Bleach 

 

Total 

 

P 

Never attend school 31.6(79) 34(85) 2.8(8) 68.8(172) 

0.0012 Primary 5.6(14) 11.2(28) 

2(5)6+ 

 

a 

18.8(47) 

Secondary + Higher 3.2(8) 8(20) 1.2(3) 12.4(31) 

Total 40.4(101) 53.2(133) 6.4(16) 100(250)  

The number in parentheses indicates the number of mothers: %(N). 

 

Table III presents the practice of drinking water treatment according to the mother's 

education level. Educated mothers. even those with elementary education. tend to treat water 

before consumption (p = 0.0012). 

 



 

 

Table 4: Distribution of childhood acute malnutrition (AM: low weight/height) according to 

hand washing with soap after returning from the toilet and/or before giving food to the child. 

Hand 

washing 

 Total Without 

AM 

AM P AM P 

 MAM MAS 

With 

soap 

 21.6(54) 13.2(33) 8.4(21) 

0.0023 

6.9(17) 1.6(4) 

0.0015 
Without 

soap 

 78.4(196) 47.2(118) 31.2(78) 21.2(53) 10(25) 

Total  100(250) 60.4(151) 39.6(99)  28(70) 11.6(29)  

 Time to wash your hands with soap 

I+II  16(40) 8.4(21) 7.6(19) 
0.047 

6(15) 1.6(4) 
0.036 

III  5.6(14) 4.8(12) 0.8(2) 0.8(2) 00.0(0) 

Total  21.6(54) 13.2(33) 8.4(21)  6.8(17) 1.6(4)  

The number in parentheses indicates the number of mothers: %(N). AM: acute malnutrition; 

MAM: moderate acute malnutrition; SAM: severe acute malnutrition; MAG: global acute 

malnutrition. AM: acute malnutrition; MAM. I: after returning from the toilet; II: before 

giving food to the child; III: after returning from the toilet and before giving food to the child. 

Table IV shows that children whose mothers do not wash their hands with soap at critical 

times are significantly more affected by acute malnutrition (p=0.0023). Likewise, the 

prevalence of SAM is significantly higher in these children (p=0.0015). 

Table 5: Distribution of overall childhood malnutrition (MG: low weight/age) according to 

hand washing with soap after returning from the toilet and/or before giving food to your 

child. 

Hand 

washing 

Total Without 

MG 

MG P MG P 

MGM MGS 

With soap 21.6(54) 12.4(31) 9.2(23) 0.079 6.4(16) 2.8(7) 0.036 

Without soap 78.4(196) 36.8(92) 41.6(104) 30(75) 11.6(29) 

Total 100(250) 49.2(123) 50.8(127)  36.4(91) 14.4(36)  

 

I+II 40 7.6 (19) 8.4(21) 0.049 6.4(16) 2(5) 0.068 

III 14 4.8(12) 0.8(2) 00.0(00) 14.30(2) 

Total 54 12.4(31) 9.2(23)  6.4(16) 2.8(7)  

The number in parentheses indicates the number of mothers: %(N). MG: global malnutrition; 

MGM: moderate global malnutrition; SGM: severe global malnutrition. I: after returning 

from the toilet; II: before giving food to the child; III: after returning from the toilet and 

before giving food to the child. 

 



 

 

Table V shows that the prevalence of childhood global malnutrition (GM: low/weight/age) is 

not significantly associated with mothers' hand washing with soap at critical times (p = 

0.079). However, the SGM rate was significantly higher in children whose mothers did not 

wash their hands with soap at critical times (p=0.036). 

Table 6: Distribution of chronic malnutrition (CM: low height/age) in children according to 

hand washing with soap after returning from the toilet and/or before feeding your child. 

Hand washing Total Without 

MC 

MC P MC P 

MCM MCS 

With soap 54 14.0(35) 7.6(19) 0.074 4.8(12) 2.8(7) 0.015 

Without soap 196 35.2(88) 43.2(108) 32(80) 14.28(28) 

Total 250 49.2(123) 50.8(127)  36.8(92) 14(35)  

   

 

     

I+II 40 57.50(23) 42.50(17) 0.035 40.0(16) 12.50(5) 0.056 

III 14 87.72(12) 14.28(2) 00.0(00) 14.30(2) 

Total 54 14(35) 7.6(19)  4.8(12) 2.8(7)  

The number in parentheses indicates the number of subjects %(N). MC: chronic malnutrition; 

MCM: moderate chronic malnutrition; MCS: severe chronic malnutrition. I: after returning 

from the toilet; II: before giving food to the child; III: upon returning from the toilet and 

before giving food to the child. 

Table VI shows that the prevalence of childhood chronic malnutrition (CM: low/weight/age) 

is not significantly associated with mothers' hand washing with soap at critical times (p = 

0.074). On the other hand, the degree of chronic malnutrition severity significantly differs 

between the two groups of children (p=0.015). 

Table 7: Prevalence of child morbidity depending on water used as a drink. 

Sources of water used for drinking Disease frequencies Total P 

Yes No 

Groundwater%(N) 2.80(7) 7.2(18) 10(25)  

0.025 
Surface water %(N) 35.2(88) 54.8(137) 90(225) 

Total 38(95) 62(155) 100(25)  

        The number in parentheses indicates the number of mothers: %(N) 

Table VII shows that the source of drinking water is a risk factor for child morbidity (p = 

0.025). Thus 39% of children who consume river water tend to be sick more often compared 

to 28% among those consuming groundwater (p=0.025). 

 

 

 



 

 

Table 8: Recurrence of child morbidity according to hand washing with soap. 

Hand washing Recurrence of childhood 

morbidity 

Total P 

 Yes No   

With soap 9.6(24) 12.0(30) 21.6(54) 
0.23 

No hand washing with soap 28.4(71) 50(125) 78.4(196) 

Total 38.0(95) 62.0(155) 100(250)  

Time to wash your hands with soap 

I 6.4(16) 7.2(18) 13.6(34) 

0.28 II 1.6(4) 0.8(2) 2.4(6) 

III 1.6(4) 4.00(10) 5.6(14) 

Total  9.6(24) 12.00(30) 21.6(54)  

  The number in parentheses indicates the number of mothers: %(N). I: after returning from 

the toilet; II: before giving food to the child; III: after returning from the toilet and before 

giving food to the child. 

Table VIII shows that illnesses are as common among children whose mothers wash their 

hands with soap as among those whose mothers do not wash their hands with soap. However, 

this relationship is not significant (p=0.23). 

 

Table 9: Distribution of the mother population according to the types of child morbidity and 

drinking water consumed. 

Morbidity 

Groundwater %(N) Groundwater %(N) 

Total P 
Yes No Yes Non 

Diarrhea 1.6(4) 8.4(21) 22.4(56) 67.6(169) 100(250) 0.02 

Fever 4(10) 6(15) 26.8(67) 63.2(158) 100(250) 0.26 

AKI/Cough 2.8(7) 7.2(18) 12.4(31) 77.6(194) 100(250) 0.02 

Malaria 2(5) 8(20) 12.4(31) 77.6(194) 100(250) 0.07 

The numbers in parentheses indicate the number of mothers: %(N). ARI: Acute Respiratory 

Infections 

Table IX shows that diarrhea (p = 0.02), acute respiratory infections, and cough (0.02) affect 

children who consume surface water significantly more than groundwater. On the other hand, 

there is no significant link between fever (p = 0.26) and malaria (p = 0.07) and the source of 

drinking water. 



 

 

 

 

Table 10: Possession and use of latrines according to household heads' education level. 

The number in parentheses indicates the number of mothers: %(N). 

Table X shows that 63.15% of heads of households with a secondary or high level of 

education, 9.16 % with a primary level, and 31.5% who never attended school own a latrine. 

Latrine ownership is significantly linked to the level of education of the head of household (p 

= 0.0051) 

IV. Discussion 

1. Access, storage, and treatment of drinking water 

According to the World Health Organization, no child should die or become ill because of 

drinking contaminated drinking water. Unfortunately, far too many children worldwide still 

consume drinking water from unimproved sources[19]. Thus, in 2015, approximately 11.5% 

of the world's population still did not have access to basic drinking water services. Around 

10% of the population in sub-Saharan Africa still draws drinking water directly from surface 

water [19]. During the present study, 90% of the households surveyed drew their drinking 

water directly from the Niger River, compared to 10% who used groundwater (drilling). 

These island populations are, therefore, directly exposed to all diseases linked to poor-quality 

water. In 2012, in Niger and rural areas, around 39% of households surveyed obtained 

drinking water from an unimproved source, of which 1.4% used surface water[20]. In 2019, 

the proportion of the population using unimproved water sources increased to 30.7% 

nationally and 36.30% in rural areas, and that of the population consuming surface water to 

00%[21]. However, these results were not confirmed by the 2022 SMART survey, which 

estimated that 39% of the population used unimproved sources and 3.9% of the population 

consumed unprotected surface water[22]. In this island population surveyed, households 

almost use surface water as drinking water, well above the national average. Several reasons 

could explain this high surface water consumption, including the river banks' proximity. 

Around 50% of mothers claimed to live right on the banks of the rivers, while 36.5% were 

less than 30 minutes from the banks, and only 14% lived more than 30 minutes from the 

banks of the Niger River. Unavailability of drilling. Among the villages surveyed, only one 

village had a public borehole that was still operational at the time of the survey. In Benin, in 

villages where hydraulic works often break down, populations consume 55% of river 

Level of education Possession of 

latrines 

Possession of latrines 

 

Total P-value 

No Yes 

Never gone to school 20(50) 9.2(23) 29.2(73)  

0.0051 
Primary 43.6(109) 4.4(11) 48(120) 

Secondary + higher 8.4(21) 14.4(36) 22.8(57) 

Total 72(180) 28(70) 100(250)  



 

 

water[23]. The quality and cost of borehole water would be another factor. Households who 

consumed borehole water complained of its salty taste and high purchase price: 25 CFA 

francs at (0.038 Euros) per 25 L container. According to the results of this survey, access to a 

safely managed drinking water supply service constitutes a public health concern for these 

island populations.). 

1.1 Water storage 

In households, water was mainly stored in commonly used containers such as jars, buckets, 

and cans, with a frequency of 42.4%, 37.6%, and 20%, respectively. Previous studies had 

reported from Benin[23],Mali[24], and Ivory Coast[25], that jars, terracotta pots, cans, barrels 

as well that basins and buckets were the main water storage containers in households. Storing 

water can cause contamination and bacterial proliferation[26]. Indeed, storage containers 

mostly have wide openings that are not well covered in most households, thus exposing their 

water contents to contamination[27]. 

1.2 Treatment of drinking water  

The fundamental objective of water treatment is to protect consumers from pathogenic 

microorganisms and impurities that are unpleasant or dangerous to health, especially in 

children under five years of age[10],  this study, around 40% of mothers did not treat their 

water before consumption. During the EDSN-MICS IV 2012 survey, around 80% of 

households in rural areas and 83% of households nationally did not use any means of treating 

their drinking water[20]. In the rural commune of Lokossa (Benin), authors reported that 

around 79% of households surveyed do not use any drinking water treatment process[28]. 

These results are twice as high as our observations. Only a third of households in a working-

class neighbourhood of Abidjan in the Ivory Coast use their drinking water [25]. This 

percentage is even lower nationally, with an average of 10% of households[26]. 

Generally speaking, the population would not consider it necessary to treat drinking water if 

the contamination of the latter does not appear clearly to them[29], [30], [31], [32]. Among 

the methods used by households to make water drinkable were filtering through a cloth 

(86%), adding Aquatabs (chlorine tablets, 6%), filtering through ceramic, sand or other 

filters. (2.5%), adding bleach (1%) and boiling (0.5%) (INS and ICF, 2013). During the 

present study, 53% of households used Alum treatment followed by filtration, and 6.4% used 

decantation followed by bleaching. In Mali, the most used home water treatment methods are 

the use of liquid chlorine (bleach) 35.5%, the membrane filter (sieve) (32.6%), and the plastic 

filter. fabric (28.0%). Methods such as the use of chlorine tablets (Aquatab) (9.9%), 

decantation (4.4%), and ceramic filtering are known in relatively small proportions[24]. In 

the Ivory Coast, the methods most used in the working-class neighbourhoods of Abidjan are 

bleaching, filtration, boiling, and decanting[25]. These treatment means do not vary 

significantly depending on the city or the countryside[26]. In Senegal, bleaching is practised 

by 14% of households in rural areas[33]. The low rate of water bleaching observed during the 

present study could be linked to ignorance of the need for the practice or the dosage of 

bleach[34]. 

1.2.1 Treatment of drinking water according to mothers' education level. 



 

 

The mother's educational level variable is a factor associated with water treatment. Thus 46% 

of non-school mothers do not apply any drinking water treatment compared to 30% of 

mothers at primary level and 26% at secondary + higher level. The difference is very 

significant (p = 0.0012). According to Vallin (1989), ―Education gives mothers access to a 

certain amount of knowledge which, even elementary, will allow them to be much more 

effective in their role as mothers.‖ Education provides mothers with the ability to distinguish 

among the practices in force in the community; those that promote the good health of the 

child and those likely to expose children to the risk of illness[35], a study carried out in Benin 

shows that 37.8% of illiterate and illiterate mothers interpret illnesses as bodily illnesses 

resulting from bad luck[36]. According to them, it is inconceivable that water causes illnesses 

because it is this water that has always been drunk by the ancestors and the latter also 

recommended it to them. 

2. Hand hygiene and child morbidity 

Handwashing with soap (HHS) is recognised as a cost-effective intervention to reduce 

morbidity and mortality associated with enteric infections, especially in children under 59 

months[7]. Indeed, when there is no hand washing after critical moments, the risk of fecal-

oral transmission is all the greater[37]. Unfortunately, only 3-34% of the population in 

developing countries regularly wash their hands with soap at critical times during the 

day[38]. In the rural commune of Sinder, only 21.6% of mothers say they wash their hands 

with soap at critical times. In Burkina Faso, the practice of washing hands with soap is 

estimated at only 17% in 2015 within the population[39]. 

In Madagascar, 70% of respondents confirm having received information on washing hands 

with soap or ashes. Two-thirds (65%) say they use soap to wash their hands. Among those 

who have never used soap to wash their hands, more than four in five (85%) said the main 

reason was not having money to buy soap[40]. 

Most mothers in the rural commune of Sinder (78.4%) do not perceive the importance of 

washing hands with soap in preventing illness. In the rural commune of Ngohé in Senegal, 

hand washing with soap at critical times was ignored by 94% of mothers[41].The global 

average of handwashing has been estimated at 19%[42]. This low prevalence of adequate 

hand hygiene is believed to be the cause of nearly 300,000 deaths per year, with the majority 

of deaths occurring among children under 5 years old[43].Unfortunately, many mothers often 

think that only visible dirt or smelly hands are likely to cause illness, and even then, they 

rarely make an explicit link between dirty hands, diarrhoea, and illness[44]. However, it has 

been reported that washing hands after defecating and touching faeces, before food 

preparation, and before consuming food could minimise the risk of diarrhoea[45]. 

Specifically, several studies have reported that hand washing with soap, especially after 

contact with faeces, can reduce diarrheal incidence by 25–53% in children under 5 years of 

age[46], [47], [48], [49], and respiratory infections by 30%[50]. However, in the present 

study, children whose mothers say they practice hand washing with soap are more often sick, 

44.44% compared to 36.22% of children whose mothers do not wash their hands with soap. 

This could be due to poor hand-washing practices, suboptimal hygienic conditions, or an 

unsanitary environment. 

3. WASH and child undernutrition 



 

 

In 2018, almost 39% of children under 5 in Africa were estimated to be stunted and 28% 

wasted[51]. The prevalence of global acute malnutrition, underweight, and chronic 

malnutrition is very worrying in the child population studied, with respective prevalence rates 

of 39.6%, 51%, and 51%. Among the three main forms of undernutrition, stunting is said to 

be the most prevalent among children under 5 years old[52].During this study, the prevalence 

of underweight was as high as that of stunting. 

The prevalence (p = 0.0023) and the degree of severity (0.0015) of global acute malnutrition, 

as well as the degree of severity of chronic malnutrition (p = 0.015), are negatively correlated 

with hand washing with soap. A negative association between regular hand washing at 

critical times and the risk of child malnutrition has been reported[53]. For example, in 

Ethiopia, children with access to improved combined sanitation with handwashing facilities 

had a 29% lower risk of stunting than those with unimproved access. Access to improved 

handwashing alone reduced the risk of being underweight by 17% compared to unimproved 

access[54].Poor hand hygiene practices in rural Armenia are important risk factors for 

stunting. Promoting handwashing during critical times reduced the risk of stunting by 

14%[55]. In Pakistan, children randomised to handwashing promotion in their first 30 months 

achieved overall development quotients 0.4 standard deviations higher than control children 

[56]. However, in Guatemala, in a non-randomised intervention involving 877 children under 

5 years of age, compared to children in the control group, water quality and hand washing did 

not affect weight-for-age, weight-for-height, and height-for-age[57]. Similarly, handwashing 

alone or combined with water and sanitation in Bangladesh did not affect linear growth [58]. 

IV.3.1. WASH and child morbidity 

The water supply sources of rivers, backwaters, and river water are, for the most part, unfit 

for consumption because of their level of contamination[59]. These contaminated waters can 

represent a strong threat to human health [36]. This is particularly the case in Sub-Saharan 

Africa, where water is said to be one of the main causes of disease[60]. Table VII shows the 

recurrence of child morbidity according to the source of drinking water consumed. It appears 

that children consuming river water tended to be sick more often than those consuming 

groundwater (p = 0.025). Diarrhea and acute respiratory infections and coughs constitute both 

main causes of morbidity among the children surveyed. 

 

According to the WHO (1995), diarrheal diseases are responsible for the deaths of 3 million 

children under the age of five each year. Episodes of diarrhoea in children result from an 

interaction between food, various infections, water quality, and sanitation[19]. In Niger, 

diarrhoea is the third cause of infant and child mortality. It represents 21.25% of the 

reasonsfor hospital consultation in pediatric emergencies in Niamey[61]. Our results show a 

significant relationship between the source of water supply and morbidity linked to diarrhoea 

(p = 0.0169 see table p = 0 02)). This result confirms that the problem of diarrheal diseases in 

Sub-Saharan Africa is above all that of water quality and sanitation[62]. However, most 

endemic diarrhoea is not linked to the transmission of pathogens through the water. Poor 

hygiene, lack of sanitation, and contaminated dietary supplements have been linked to 

diarrhoea and the spread of harmful pathogens[63], [64]. Hygiene promotion is particularly 

cost-effective; washing hands with soap can reduce the frequency of diarrhoea by 40%, but 

this requires soap and water[63], [65]. 



 

 

Fever in young children is generally a sign of an infectious disease, in particular malaria in 

Niger[66].In the heart of the present study, no significant relationship was found between the 

consumption of river water and the occurrence of fever and malaria (p>0.05). However, a 

significant relationship (p<0.02) was found concerning ARI and cough. However, in relative 

proportion, children whose mothers use river water are half as affected by ARI and cough. 

Acute respiratory infections (ARI), particularly pneumonia, constitute one of the leading 

causes of child mortality in developing countries, including Niger in particular[67]. 

IV.4. Sanitation 

Latrines were present in only 28% of households surveyed. None of these households have 

modern (flushing) toilets. These results were consistent with those of EDSN-MICS IV Niger 

which reported that 73% of households nationally and 84% in rural areas do not have 

latrines[68].It also appears from the national study to evaluate socio-economic and 

demographic indicators in Niger that around 81% of households in rural areas did not have 

latrines in 2015[66]. In 2012, 2.5 billion people worldwide still lacked access to improved 

sanitation facilities, and around 1 billion defecate in the open[69], [70]. Around 69% of 

people without access to improved sanitation live in rural areas, as do 84% of people who 

defecate in the open[70]. 

According to the expert group report[71], lack of access to sanitation facilities poses a 

particular problem for women who, as a result, have to defecate at night in many societies. 

This is particularly the case in Sinder, where women and girls from households that do not 

have restrooms have to wait until night to go and defecate in groups in the bush. A study 

devoted to the slums of Kampala (Uganda) highlighted the existence of a clear link between 

the lack of access to correct sanitation facilities and the humiliation and violence suffered by 

women [72]. It has also been reported that the lack of safe, private toilets can harm girls' 

health and education[70]. 

In the rural commune of Sinder, latrines, in the households where they exist, are mainly 

reserved for adults, with children having to defecate in the open air. In Senegal, Faye et al. 

(2011) found that restroomswere available in 24% of households surveyed but were reserved 

in 47% of cases for adults. According to these authors, 61% of children defecated in nature, 

while 51% of them had latrines in their households. However, eliminating children's waste is 

crucial[73]. Sanitation is particularly adequate in combating worm infections. Children are 

the primary victims of diarrhoea and other diseases linked to faecal-oral transmission[74], 

[75].Chronic malnutrition correlates positively with poor hygiene and sanitation[16], [76]. 

Thus, the total elimination of open defecation in a village where everyone followed this 

practice made it possible to increase the average height of children by 0.44 of a standard 

deviation[77]. 

V. Conclusion 

The nutritional situation of children under five years old is worrying, with a high prevalence 

of global acute malnutrition, stunted growth and underweight. Mothers do not have access to 

safe drinking water and use water from the Niger River, most often without any treatment. 

Mothers' knowledge of WASH and WASH practices is patchy and suboptimal, and they are 

entirely unaware of the health benefits of good WASH practices. In terms of sanitation, less 

than a third have traditional latrines, and open defecation is practised by more than two-thirds 



 

 

of the population—a situation which exposes children under five to several diseases, 

especially diarrhoea. 

References 

[1] R. E. Black et al., ‗Maternal and child undernutrition and overweight in 

low-income and middle-income countries‘, The Lancet, vol. 382, no. 

9890, pp. 427–451, Aug. 2013, doi: 10.1016/S0140-6736(13)60937-X. 

[2] UNICEF, ‗CHILDREN IN AFRICA| Key statistics on child survival, 

protection and development| UNICEF Data and Analysis Branch, Policy 

and Strategy Division‘, 2014. 

[3] E. Y. Y. Chan et al., ‗Narrative Review of Primary Preventive 

Interventions against Water-Borne Diseases: Scientific Evidence of 

Health-EDRM in Contexts with Inadequate Safe Drinking Water‘, Int J 

Environ Res Public Health, vol. 18, no. 23, Dec. 2021, doi: 

10.3390/IJERPH182312268. 

[4] Claire Chase and Francis Ngure, ‗Multisectoral Approaches to Improving 

Nutrition: Water, Sanitation, and Hygiene‘, Feb. 2016. Accessed: Jan. 19, 

2024. [Online]. Available: 

https://reliefweb.int/report/world/multisectoral-approaches-improving-

nutrition-water-sanitation-and-hygiene 

[5] J. Dodos, B. Mattern, J. Lapegue, M. Altmann, and M. A. Aissa, 

‗Relationship between water, sanitation, hygiene, and nutrition: What do 

Link NCA nutrition causal analyses say?‘, Waterlines, vol. 36, no. 4, pp. 

284–304, Oct. 2017, doi: 10.3362/1756-3488.17-00005. 

[6] F. M. Ngure, B. M. Reid, J. H. Humphrey, M. N. Mbuya, G. Pelto, and 

R. J. Stoltzfus, ‗Water, sanitation, and hygiene (WASH), environmental 

enteropathy, nutrition, and early child development: Making the links‘, 

Ann N Y Acad Sci, vol. 1308, no. 1, pp. 118–128, 2014, doi: 

10.1111/NYAS.12330. 

[7] Action Against Hunger, ‗INTERVENTIONS PRATIQUES POUR LA 

RÉDUCTION DE LA SOUS-NUTRITION CHRONIQUE Contribution 

à la réduction de la malnutrition par une approche multisectorielle‘, 2017. 

[8] M. N. N. Mbuya and J. H. Humphrey, ‗Preventing environmental enteric 

dysfunction through improved water, sanitation and hygiene: An 

opportunity for stunting reduction in developing countries‘, Matern Child 

Nutr, vol. 12, pp. 106–120, May 2016, doi: 10.1111/MCN.12220. 

[9] M. H. van Cooten, S. M. Bilal, S. Gebremedhin, and M. Spigt, ‗The 

association between acute malnutrition and water, sanitation, and hygiene 

among children aged 6–59 months in rural Ethiopia‘, Matern Child Nutr, 

vol. 15, no. 1, Jan. 2019, doi: 10.1111/MCN.12631. 

[10] WHO and UNICEF, ‗United Nations International Children‘s Emergency 

Fund / World Health Organization. Progress on sanitation and drinking 

water: 2015 update and MDG (Millennium Development Goals) 

assessment‘, 2015. Accessed: Dec. 06, 2023. [Online]. Available: 

https://reliefweb.int/report/world/progress-sanitation-and-drinking-water-

2015-update-and-



 

 

dgassessment?gclid=CjwKCAjwhJukBhBPEiwAniIcNYyzbevbm5dOHc

gKgYClS2Klwa-

uKlyS9VvqWmbHPvn9sGedzVYUbBoCNpAQAvD_Bw E 

[11] W. Checkley et al., ‗Effect of water and sanitation on childhood health in 

a poor Peruvian peri-urban community‘, The Lancet, vol. 363, no. 9403, 

pp. 112–118, Jan. 2004, doi: 10.1016/S0140-6736(03)15261-0. 

[12] C. A. Monteiro, M. H. D‘Aquino Benicio, S. C. Konno, A. C. 

Feldenheimer da Silva, A. L. Lovadino de Lima, and W. L. Conde, 

‗Causes for the decline in child under-nutrition in Brazil, 1996-2007‘, 

Rev Saude Publica, vol. 43, no. 1, pp. 35–43, Feb. 2009, doi: 

10.1590/S0034-89102009000100005. 

[13] J. H. Rah, A. A. Cronin, B. Badgaiyan, V. Aguayo, S. Coates, and S. 

Ahmed, ‗Household sanitation and personal hygiene practices are 

associated with child stunting in rural India: A cross-sectional analysis of 

surveys‘, BMJ Open, vol. 5, no. 2, 2015, doi: 10.1136/BMJOPEN-2014-

005180. 

[14] A. J. Pickering, H. Djebbari, C. Lopez, M. Coulibaly, and M. L. Alzua, 

‗Effect of a community-led sanitation intervention on child diarrhoea and 

child growth in rural Mali: A cluster-randomised controlled trial‘, Lancet 

Glob Health, vol. 3, no. 11, pp. e701–e711, Nov. 2015, doi: 

10.1016/S2214-109X(15)00144-8. 

[15] A. T. Merchant et al., ‗Water and sanitation associated with improved 

child growth‘, Eur J Clin Nutr, vol. 57, no. 12, pp. 1562–1568, Dec. 

2003, doi: 10.1038/SJ.EJCN.1601725. 

[16] D. Spears, A. Ghosh, and O. Cumming, ‗Open defecation and childhood 

stunting in India: an ecological analysis of new data from 112 districts‘, 

PLoS One, vol. 8, no. 9, Sep. 2013, doi: 

10.1371/JOURNAL.PONE.0073784. 

[17] M. Harris, M. L. Alzua, N. Osbert, and A. Pickering, ‗Community-Level 

Sanitation Coverage More Strongly Associated with Child Growth and 

Household Drinking Water Quality than Access to a Private Toilet in 

Rural Mali‘, Environ Sci Technol, vol. 51, no. 12, pp. 7219–7227, Jun. 

2017, doi: 10.1021/ACS.EST.7B00178. 

[18] INS-Niger, ‗Fiche d‘information sur l‘évolution des principaux 

indicateurs sociodémographiques et agrégats macroéconomiques du 

Niger‘, Niamey, 2018. 

[19] WHO and UNICEF, ‗Progress on Drinking Water, Sanitation and 

Hygiene Update and SDG Baselines‘, 2017. Accessed: Jan. 20, 2024. 

[Online]. Available: https://data.unicef.org/resources/progress-drinking-

water-sanitation-hygiene-2017-update-sdg-baselines/ 

[20] INS-Niger and ICF, ‗ENQUÊTE DÉMOGRAPHIQUE ET DE SANTÉ 

DANS THE ZONES OF INTERVENTION‘, Niamey, 2013. Accessed: 

Jan. 20, 2024. [Online]. Available: http://www.unicef.org. 

[21] INS-Niger, ‗Household surveys for monitoring the situation of populations‘ 

access to drinking water and sanitation 2020‘, Niamey, 2020. Accessed: 



 

 

Jan. 20, 2024. [Online]. Available: 

https://dhsprogram.com/pubs/pdf/FR285/FR285.pdf 

[22] INS-Niger, ‗Survey conducted by the INS (National Institute of Statistics)‘, 

Nov. 2022. Accessed: Jan. 20, 2024. [Online]. Available: 

http://www.stat-niger.org 

[23] Olahanmi, 'Problem of surface water consumption in rural areas: Case of 

the villages of Tanve and Toweta in the district of Tanve and the 

commune of Agbandnizoun (Republic of Benin)', Master Thesis, 

University of Abomey-Calavi, Ecole Polytechnique d‘Abomey-Calavi, 

Abomey-Calavi, 2013. Accessed: Jan. 20, 2024. [Online]. Available: 

https://www.slideshare.net/CharafaOlahanmi/mmoire-charafa-olahanmi-

licence-professionnelle-en-hydraulique 

[24] WASHplus, ‗Baseline Report: Findings from a Water, Sanitation, Hygiene 

and Nutrition Survey in the Mopti, Bandiagara and Bankass Districts in 

the Mopti Region of Mali‘, Sep. 2015. [Online]. Available: 

www.washplus.org 

[25] Awomon, COULIBALY Moussa, NIAMKE Gnanké Mathieu, and 

SANTOS Dos Stéphanie, 'The problem of the supply of drinking water 

and the development of water-borne diseases in the Orly extension 

districts of the city of Daloa (coast of 'ivory)', Revue Espace Territoires 

Societies and Health, vol. 1, no. 2, pp. 91–108, 2018, Accessed: Jan. 20, 

2024. [Online]. Available: www.retssa-ci.com 

[26] Lotten and Anaïs, 'Water source, sanitation and chronic malnutrition in 

children under five: a study in Ivory Coast', Master Thesis, Catholic 

University of Louvain, Masquelier, 2021. Accessed: Jan . 20, 2024. 

[Online]. Available: http://hdl.handle.net/2078.1/thesis:30849 

[27] M. Makoutode, A. Assani, E. Ouendo, V. Agueh, and D. Pm, 'Quality and 

method of management of well water in rural areas in Benin: case of the 

sub-prefecture of Grand -Popo', Medicine of Black Africa, vol. 46, 1999. 

[28] Ahouansè, Sènan Dimitri, A. Noukpo, and H. S. Christophe, 'Drinking 

Water and Water Diseases in the Commune of Lokossa in the South-

West of the Republic of Benin (West Africa)', European Scientific 

Journal, ESJ, vol. 16, no. 15, pp. 393–393, May 2020, doi: 

10.19044/ESJ.2020.V16N15P393. 

[29] Gómez et al., ‗Explanatory factors of urban water leakage rates in Southern 

Spain‘, Util Policy, vol. 22, pp. 22–30, Sep. 2012, doi: 

10.1016/J.JUP.2012.02.002. 

[30] Totin, ‗RAINFALL EVENTS AND SENSITIVITY OF OPEN 

AQUIFERES IN THE GODOMEY CATCHMENT FIELD IN BENIN‘, 

Symposium of the International Association of Climatology, pp. 1–7, 

2010. 

[31] Sebo, T. S. Brice, A. Patricia, and A. K. Euloge, 'Proposal for a New 

Approach to Evaluating Access to Water: Application in the Municipality 

of Savalou (Benin)', Journal of Advance Research in Social Science and 

Humanities (ISSN 2208-2387), vol. 4, no. 10, pp. 01–15, Oct. 2018, doi: 

10.53555/nnssh.v4i10.57. 



 

 

[32] Babadjidé, ‗Babadjidé, C.H. (2011) Pollution, Its Consequences, Its Causes 

and Its Impact on Human Health in the Mono River Basin in Benin. 

University of Abomey-Calavi, Godomey. - References - Scientific 

Research Publishing‘, University of Abomey-Calavi, 2011, Accessed: 

Jan. 21, 2024. [Online]. Available: 

https://www.scirp.org/reference/referencespapers?referenceid=3272932 

[33] ANSD, ‗Senegal Continuous Demographic and Health Survey (EDS-

Continue) | Key Indicators Report, Dakar, Nov. 2020. 

[34] Ndiaye P, Ba IO, Dieng M, Fall C, and Dia AT, 'Quality of water for 

household consumption: analysis and action plan in rural Senegal action 

plan in rural area of Senegal]', Sante Publique (Paris), vol. 22, no. 2, pp. 

193–200, Mar. 2010, Accessed: Jan. 21, 2024. [Online]. Available: 

https://pubmed.ncbi.nlm.nih.gov/20598185/ 

[35] LEKEUMO, ‗Access to drinking water and diarrheal morbidity of children 

under five years of age in Cameroon‘, Master Thesis, UNIVERSITY OF 

YAOUNDE II, YAOUNDE, 2010. 

[36] Yélognissè, 'Improving the conditions of access to drinking water for 

drinking water in rural areas of Benin, study of local practices.', Master 

thesis, UNIVERSITE DU QUEBEC MONTREAL, Quebec, 2007. 

Accessed : Jan. 21, 2024. [Online]. Available: 

https://www.scirp.org/reference/referencespapers?referenceid=2231796 

[37] V. Bauza and J. S. Guest, ‗The effect of young children‘s faeces disposal 

practices on child growth: evidence from 34 countries‘, Trop Med Int 

Health, vol. 22, no. 10, pp. 1233–1248, Oct. 2017, doi: 

10.1111/TMI.12930. 

[38] S. Galiani et al., ‗The effect of aid on growth: evidence from a Quasi-

experiment‘, Journal of Economic Growth, vol. 22, no. 1, pp. 1–33, Mar. 

2017, doi: 10.1007/S10887-016-9137-4. 

[39] DSF /MS Burkina Faso, ‗Complete health profiledu Burkina Faso‘, 

Burkina Faso, Mar. 2017. 

[40] D. Mould, A. Carlson, N. Christofdes, and K. and Greiner, ‗Socio-

cultural determinants for the adoption of essential family practices in 

Madagascar‘, Athens, Ohi, 2016. 

[41] A. Faye, N. M. Ndiaye, D. Faye, and A. Tal-Dia, ‗[Water quality and 

personal hygiene in rural areas of Senegal]‘, Med Trop (Mars), vol. 71, 

no. 1, pp. 45–48, Feb. 2011, Accessed: Jan. 21, 2024. [Online]. 

Available: https://pubmed.ncbi.nlm.nih.gov/21585090/ 

[42] M. C. Freeman et al., ‗Hygiene and health: systematic review of 

handwashing practices worldwide and update of health effects‘, Trop 

Med Int Health, vol. 19, no. 8, pp. 906–916, 2014, doi: 

10.1111/TMI.12339. 

[43] C. M. George et al., ‗Psychosocial Factors Mediating the Effect of the 

CHoBI7 Mobile Health Program on Handwashing With Soap and 

Household Stored Water Quality: A Randomized Controlled Trial‘, 

Health Educ Behav, vol. 49, no. 2, pp. 326–339, Apr. 2022, doi: 

10.1177/1090198120987134. 



 

 

[44] V. Curtis and S. Cairncross, ‗Effect of washing hands with soap on 

diarrhoea risk in the community: a systematic review‘, Lancet Infectious 

Diseases, vol. 3, no. 5, pp. 275–281, May 2003, doi: 10.1016/S1473-

3099(03)00606-6. 

[45] R. I. Ejemot, J. E. Ehiri, M. M. Meremikwu, and J. A. Critchley, 

‗Cochrane review: Hand washing for preventing diarrhoea‘, Evid Based 

Child Health, vol. 4, no. 2, pp. 893–939, Jun. 2009, doi: 

10.1002/EBCH.373. 

[46] A. Hashi, A. Kumie, and J. Gasana, ‗Hand washing with soap and WASH 

educational intervention reduces under-five childhood diarrhoea 

incidence in Jigjiga District, Eastern Ethiopia: A community-based 

cluster randomized controlled trial‘, Prev Med Rep, vol. 6, pp. 361–368, 

Jun. 2017, doi: 10.1016/J.PMEDR.2017.04.011. 

[47] C. P. Kamm, B. M. Uitdehaag, and C. H. Polman, ‗Multiple sclerosis: 

current knowledge and future outlook‘, Eur Neurol, vol. 72, no. 3–4, pp. 

132–141, Apr. 2014, doi: 10.1159/000360528. 

[48] A. Nicholson, M. C. Lowe, J. Parker, S. R. Lewis, P. Alderson, and A. F. 

Smith, ‗Systematic review and meta-analysis of enhanced recovery 

programmes in surgical patients‘, Br J Surg, vol. 101, no. 3, pp. 172–188, 

Feb. 2014, doi: 10.1002/BJS.9394. 

[49] S. P. Luby, M. Agboatwalla, J. Painter, A. Altaf, W. L. Billhimer, and R. 

M. Hoekstra, ‗Effect of intensive handwashing promotion on childhood 

diarrhea in high-risk communities in Pakistan: a randomized controlled 

trial‘, JAMA, vol. 291, no. 21, pp. 2547–2554, Jun. 2004, doi: 

10.1001/JAMA.291.21.2547. 

[50] A. B. M. Rabie, T. T. She, and U. Hägg, ‗Functional appliance therapy 

accelerates and enhances condylar growth‘, American Journal of 

Orthodontics and Dentofacial Orthopedics, vol. 123, no. 1, pp. 40–48, 

2003, doi: 10.1067/mod.2003.45. 

[51] UNICEF, ‗These new estimates supersede former analyses and results 

published by UNICEF, WHO and the World Bank Group‘, Geneva, 

2019. 

[52] R. E. Black et al., ‗Maternal and child undernutrition and overweight in 

low-income and middle-income countries‘, Lancet, vol. 382, no. 9890, 

pp. 427–451, 2013, doi: 10.1016/S0140-6736(13)60937-X. 

[53] N. E. Soboksa, B. Negassa, G. Kanno, Z. Ashuro, and D. Gudeta, ‗Hand 

Hygiene Compliance and Associated Factors among Healthcare Workers 

in Ethiopia: A Systematic Review and Meta-Analysis‘, Adv Prev Med, 

vol. 2021, pp. 1–10, Dec. 2021, doi: 10.1155/2021/7235248. 

[54] Tolesa Bekele, B. Rahman, and P. Rawstorne, ‗The effect of access to 

water, sanitation and handwashing facilities on child growth indicators: 

Evidence from the Ethiopia Demographic and Health Survey 2016‘, 

PLoSONE, vol. 15, no. 9, 2020, doi: 10.1371/journal.pone.0239313. 

[55] A. Demirchyan, Melkom, and Dzovinar, ‗Main Barriers to Optimal 

Breastfeeding Practices in Armenia: A Qualitative Study‘, J Hum Lact, 

vol. 36, no. 2, pp. 318–327, May 2020, doi: 10.1177/0890334419858968. 



 

 

[56] A. Bowen et al., ‗Effectiveness of enhanced communication therapy in 

the first four months after stroke for aphasia and dysarthria: a randomised 

controlled trial‘, BMJ, vol. 345, no. 7868, Jul. 2012, doi: 

10.1136/BMJ.E4407. 

[57] B. Arnold, B. Arana, D. Mäusezahl, A. Hubbard, and J. M. Colford, 

‗Evaluation of a pre-existing, 3-year household water treatment and 

handwashing intervention in rural Guatemala‘, Int J Epidemiol, vol. 38, 

no. 6, pp. 1651–1661, Jul. 2009, doi: 10.1093/IJE/DYP241. 

[58] S. P. Luby et al., ‗Effects of water quality, sanitation, handwashing, and 

nutritional interventions on diarrhoea and child growth in rural 

Bangladesh: a cluster randomised controlled trial‘, Lancet Glob Health, 

vol. 6, no. 3, pp. e302–e315, Mar. 2018, doi: 10.1016/S2214-

109X(17)30490-4. 

[59] S. Sotheeswaran and V. Nand, ‗Moringa oleifera and Other Local seeds 

in Water Purification in Developing Countries‘, 2011. [Online]. 

Available: https://www.researchgate.net/publication/255484408 

[60] T. Damhaug et al., ‗African water resources : challenges and 

opportunities for sustainable development‘, p. 115, Aug. 1996. 

[61] S. Kangaye et al., ‗Réhabilitation nutritionnelbased on F75 and F100 

milk from patients aged 6 to 59 months in the stabilization phase in a 

hospital environment in Niamey (Niger)‘, Int J Biol Chem Sci, vol. 12, 

no. 5, p. 2016, Jan. 2019, doi: 10.4314/ijbcs.v12i5.5. 

[62] Martin-Prevel Y., Maire B., and F. Delpeuch, ‗Nutrition, urbanization and 

poverty in sub-Saharan Africa‘, Médecine Tropicale, vol. 60, no. 2, pp. 

179–191, 2000, Accessed: Jan. 21, 2024. [Online]. Available: 

https://www.academia.edu/3780304/Urbanization_and_Poverty_Dynami

cs_in_sub_Saharan_Africa_a_research_agenda 

[63] S. Cairncross, D. O‘Neill, A. McCoy, and D. Sethi, Health, environment 

and the burden of disease: a guidance note. London, UK: Department for 

International Development, DFID, 2003. 

[64] K. Chidziwisano, J. Slekiene, S. Kumwenda, H. J. Mosler, and T. Morse, 

‗Toward Complementary Food Hygiene Practices among Child 

Caregivers in Rural Malawi‘, Am J Trop Med Hyg, vol. 101, no. 2, p. 

294, 2019, doi: 10.4269/AJTMH.18-0639. 

[65] M. Snel, ‗School sanitation and hygiene education indicators Why is 

monitoring important in the context of SSHE?‘, 2003. 

[66] INS-Niger, ‗National study for the evaluation of socio-economic and 

demographic indicators (ENISED).EDITION 2016‘, Niamey, 2016. 

[67] INS-Niger, ‗NATIONAL EVALUATION STUDY OF SOCIO-

ECONOMIC AND DEMOGRAPHICAL INDICATORS (ENISED)‘, 

Niamey, 2015. Accessed: Jan. 21, 2024. [Online]. Available: 

https://www.stat-niger.org/wp-

content/uploads/renaloc/Rapport_final_ENISED.pdf 

[68] INS-Niger, ‗Demographic and Health Survey and Multiple Indicators 

(EDSN-MICS IV) 2012‘, Niamey, 2012. Accessed: Jan. 21, 2024. 

[Online]. Available: www.ins.ne. 



 

 

[69] N. M. Mehta et al., ‗Defining pediatric malnutrition: a paradigm shift 

toward etiology-related definitions‘, JPEN J Parenter Enteral Nutr, vol. 

37, no. 4, pp. 460–481, Jul. 2013, doi: 10.1177/0148607113479972. 

[70] WHO/UNICEF, Progress on drinking water and sanitation. 2014 update. 

WHO Library Cataloguing-in-Publication Data, 2014. 

[71] HLPE, ‗High Level Panel of Experts. Water, a challenge for global food 

security. Report of the High-Level Panel on Food Security and Nutrition 

of the Committee on World Food Security Recommendations‘, Rome, 

2015. Accessed: Jan. 21, 2024. [Online]. Available: www.fao.org/cfs/cfs-

hlpe. 

[72] K. Massey, ‗Insecurity and Shame: Exploration of the Impact of the Lack 

of Sanitation on Women in the Slums of Kampala, Uganda - IUCN‘, 

Sanitation And Hygiene Applied Research for Equity, p. 11, Oct. 2011. 

[73] ACTION AGAINST HUNGER, ‗Dynamics of interactions: Malnutrition, 

Water Sanitation Hygiene, Infections‘, 2007. Accessed: Jan. 19, 2024. 

[Online]. Available: https://fr.ircwash.org/sites/default/files/ACF-2007-

Dynamique.pdf 

[74] J. K. Tumwine, J. Thompson, M. Katui-Katua, M. Mujwahuzi, N. 

Johnstone, and I. Porras, 'Sanitation and hygiene in urban and rural 

households in East Africa', Int J Environ Health Res, vol. . 13, no. 2, pp. 

107–115, Jun. 2003, doi: 10.1080/0960312031000098035. 

[75] J. K. Tumwine et al., ‗Diarrhea and effects of different water sources, 

sanitation and hygiene behavior in East Africa‘, Trop Med Int Health, 

vol. 7, no. 9, pp. 750–756, 2002, doi: 10.1046/J.1365-

3156.2002.00927.X. 

[76] G. Danaei et al., ‗Risk Factors for Childhood Stunting in 137 Developing 

Countries: A Comparative Risk Assessment Analysis at Global, 

Regional, and Country Levels‘, PLoS Med, vol. 13, no. 11, Nov. 2016, 

doi: 10.1371/JOURNAL.PMED.1002164. 

[77] Paul Gertler, Manisha Shah, Maria Laura Alzua, Lisa Cameron, Sebastian 

Martinez, and Sumeet Patil, ‗HOW DOES HEALTH PROMOTION WORK? 

EVIDENCE FROM THE DIRTY BUSINESS OF ELIMINATING OPEN 

DEFECATION‘, NBER WORKING PAPER SERIES, vol. 20997, p. 46, Mar. 

2015, [Online]. Available: http://www.nber.org/papers/w20997 


