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ABSTRACT
Interventions to reduce undernutrition and improve child growth have incorporated improved water,

sanitation, and hygiene (WASH) as part of disease transmission prevention strategies. Knowledge

gaps still exist, namely, when and which WASH factors are determinants for growth faltering, and

when WASH interventions are most effective at improving growth. This study drew cross-sectional

data from a longitudinal cohort study and used hierarchical regression analyses to assess

associations between WASH factors: water index, sanitation, hygiene index, and growth: height-for-

age (HAZ), weight-for-age (WAZ), weight-for-height (WHZ) at 1, 6, and 12 months postpartum among

infants a priori born healthy in Soweto, Johannesburg. Household access to sanitation facilities that

were not safely managed was associated with a decrease in HAZ scores at 1 month (β¼�2.24) and 6

months (β¼�0.96); a decrease in WAZ at 1 month (β¼�1.21), 6 months (β¼�1.57), and 12 months

(β¼�1.92); and finally, with WHZ scores at 12 months (β¼�1.94). Counterintuitively, poorer scores

on the hygiene index were associated with an increase at 1 month for both HAZ (β¼ 0.53) and WAZ

(β¼ 0.44). Provision of safely managed sanitation at household and community levels may be

required before improvements in growth-related outcomes are obtained.
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HIGHLIGHTS

• Provides evidence linking WASH and nutritional status in infants.

• Brings evidence regarding the associations between WASH and nutritional status in children in

the South African setting.

• Highlights the importance of access to sanitation at household as well as community levels.

• Begins the process of developing indices related to WASH and nutritional status in children in the

South African setting.
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INTRODUCTION
Children under 2 years of age are considered as the most at-

risk group for undernutrition due to their rapid growth and

increased vulnerability to infectious diseases (Derso et al.
). The World Health Organization (WHO) defines

three forms of undernutrition among children – namely

stunting, underweight, and wasting – as being 2 standard
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deviations (SD) below the WHO age and sex-adjusted

growth standard; for stunting, height-for-age (HAZ); for

underweight, weight-for-age (WAZ); and for wasting,

weight-for-height (WHZ) (Members of the WHO Multicen-

tre Growth Reference Study Group ). Z-scores in this

regard referring to a statistical measurement of a score’s

relationship to the median in a group of scores, measured

in terms of a standard deviation from the median of the

population.

The first thousand days (from conception to 2 years of

age) is an integral phase of childhood development due to

developmental plasticity and is among the most pertinent

periods for interventions aimed at optimising growth and

development (Victora et al. ; Adair et al. ;

Prendergast et al. ; Norris et al. ). Developmental

plasticity posits that environmental conditions experienced

in early life, including nutrition, trigger permanent physio-

logical adjustments that can profoundly influence human

biology and long-term health outcomes (Kuzawa ;

Hochberg et al. ; Said-Mohamed Pettifor & Norris ).

Inadequate nutrition and frequent illness, especially

diarrhoea, are among the most commonly implicated

causes of undernutrition (Humphrey et al. ; Cumming

et al. ; Pickering et al. a). Nutrition-sensitive inter-

ventions to improve undernutrition and child growth have

therefore often incorporated water, sanitation, and hygiene

(WASH) factors as a strategy to prevent disease trans-

mission. However, recent results from large-scale

randomised controlled trials (SHINE and WASH Benefits)

have found no effect of basic WASH interventions on child-

hood stunting and only mixed effects on childhood

diarrhoea (Cumming et al. ). Both studies concluded

that more comprehensive WASH interventions may be

needed to achieve a major impact on child health. Further,

the authors argue that the results do not show that WASH

cannot influence child linear growth, but rather that these

specific interventions had no influence in settings where

stunting remains an important public health challenge

(Cumming et al. ).

In terms of specific WASH-related risk factors, a recent

systematic review investigating WASH in sub-Saharan

Africa and associations with undernutrition, and govern-

ance in children under 5 years of age, found that

observational studies more often reported water as a
://iwaponline.com/jwh/article-pdf/18/5/798/773776/jwh0180798.pdf
significant risk factor while review articles tended to high-

light sanitation as a significant risk factor (Momberg et al.

b). Across both observational and review studies

included in the systematic review, hygiene was the least rep-

resented component (Momberg et al. b).

The South African context is characterised by particu-

larly high rates of stunting for a middle-income country

where in 2016, the prevalence of stunting in children

under 5 years of age was 27.4%, while at the same time,

5.9% of children under the age of 5 were underweight and

2.5% were wasted (Statistics South Africa b; Rispel &

Padarath ). In terms of water infrastructure in South

Africa, it was reported in 2015, that 89.4% of South Africans

had access to piped tap water, comprised of households

having access to either piped water in their dwellings,

piped water onto their property, communal and neighbours’

taps, the remainder relying on water from rivers, streams,

stagnant water pools, dams, wells, and springs (Statistics

South Africa ; Parliamentary Monitoring Group ;

Moeti & Padarath ). With regard to sanitation infra-

structure in South Africa in 2018, 83% had access to

improved sanitation facilities, with the final 17% unim-

proved sanitation facilities proving to be the most difficult

to address (Statistics South Africa ; Parliamentary

Monitoring Group ; Moeti & Padarath ). The Gau-

teng province in particular is reported to have the second-

highest coverage of access to water (97.7%) and sanitation

(91.8%) (Statistics South Africa ; Parliamentary Moni-

toring Group ; Moeti & Padarath ). In terms of

water quality, 2019 data from Johannesburg Water indicate

a total of 12 incidents of non-compliance for microbiological

safety requirements (presence of Escherichia coli), and 10

chemical and physical incidents of non-compliance (related

to turbidity). Despite these incidents of non-compliance,

overall compliance targets were maintained (Johannesburg

Water b; Momberg et al. a). For the City of Johan-

nesburg, spending on water and sanitation infrastructure is

decreasing, however, so too are the absolute number of

people without access to basic water and sanitation services.

Spending however, for repair, maintenance, and upgrading

of existing infrastructure is increasing (City of Johannesburg

; Momberg et al. a). Soweto is serviced by three

wastewater treatment works, Goudkoppies, Bushkoppies,

and Olifantsvlei wastewater treatment works, which
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remediate both industrial and household wastewater

(Johannesburg Water a). The precise configuration of

sanitation provision across Soweto is quite diverse and

ranges from flush toilets to pit latrines, and portable toilets

that are typically arranged in latrine banks. The system of

waste disposal, maintenance, and treatment associated

with these facilities is decentralised to different outsourced

service providers (Momberg et al. a). Diarrhoea is still

one of the leading causes of morbidity and mortality in

South Africa, accounting for approximately 20% of all

deaths in children under 5 years of age (Chola et al. ).

Despite a number of initiatives to address the persistently

high prevalence of stunting, including near-universal water

and sanitation coverage in urban settings, the provision of

social grants, and free primary healthcare, this prevalence

rate has remained largely unchanged since 1994 (Said-

Mohamed et al. ; Devereux Jonah & May ).

The relationship between WASH at the household level

and infant growth has received little attention in the South

African context, which drastically limits our capacity to dis-

entangle which installations and/or caregiver practices

expose infants to such risks (Padarath et al. ). Knowl-

edge gaps still exist in terms of which WASH factors are

risks for undernutrition, at what time during early childhood

development WASH factors are implicated, and precisely

when WASH interventions are most effective at improving

growth.

This study therefore sought to identify specific WASH

factors and subsequent associations with HAZ, WAZ, and

WHZ scores in infants a priori born healthy in Soweto,

Johannesburg. The study hypothesised that inadequate

WASH is associated with a decrease in HAZ, WHZ, WAZ

scores between birth and 1 year of age.
METHODS

Study design and setting

The study is based on cross-sectional data from 4 timepoints

(delivery, 1, 6, and 12 months postpartum) drawn from a

larger longitudinal prospective cohort study, entitled ‘Inter-

action between nutrition, infection, household environment

and care practices and their impact on growth and
om http://iwaponline.com/jwh/article-pdf/18/5/798/773776/jwh0180798.pdf
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development in infants between birth and one year of age.’

Colloquially referred to as Soweto Baby WASH study, the

aim was to document household environment, maternal

and infant morbidity and illness, and infant feeding and

care practices, and assess the association between these fac-

tors and infant growth and development in the first-year

postpartum. The Soweto Baby WASH study had 37 time-

points over the course of 12 months, with weekly follow-up

home visits from birth to 6 months, and fortnightly from 6

to 12months postpartum. Visits at 6 and 12monthswere con-

ducted at the Developmental Pathways for Health Research

Unit facilities at Chris Hani Baragwanath Academic

Hospital. Data collected included maternal and infant

anthropometric and body composition measurements;

household WASH; maternal and infant morbidity, illness,

and healthcare access; infant feeding practices; household

socio-economic status and demographics; maternal social

support, stress, and depression; quality of care in the home;

infant temperament; and infant development.

Recruitment commenced in January 2018 and data col-

lection ended when the last recruited infant turned 1 year of

age in March 2019. All the participants were screened and

recruited at the maternity services at Chris Hani Baragwa-

nath Academic Hospital in Soweto, Johannesburg.

Soweto is the largest township in South Africa with an

estimated population of 1.3 million residents and is situated

in the City of Johannesburg in the Gauteng Province

(Harrison & Harrison ; Government of the Republic

of South Africa ). In 2018, it was reported that Gauteng

had near-universal water and sanitation coverage with

97.7% of the population having access to piped tap water

in their dwellings, and 91.8% having access to improved

sanitation (Moeti & Padarath ; Government of the

Republic of South Africa ). Despite the economic and

infrastructure advantages of the province, in 2016, Gauteng

reported the highest prevalence of stunting in the country at

34.2% (Rispel & Padarath ).

Ethical considerations

The study received clearance from the University of the Wit-

watersrand’s Human Research Ethics Committee (Medical)

(Certificates: M170753, M170872, and M170955). Written

informed consent was obtained from all participants.
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Participants

In order to identify which determinants affect growth at

what time, infants who a priori had a better start at birth

in terms of physical growth and health were recruited.

Women who were 1–3 days postpartum were screened for

eligibility. Mother–infant pairs eligible for inclusion were:

�18 years of age at time of screening; singleton pregnancy;

birthweight between �2,500 and <4,000 g, and term preg-

nancy between �38 and <42 weeks gestational age.

Mother–infant pairs were not eligible for inclusion if infants

were diagnosed with physical, mental, or congenital dis-

orders at birth or if a mother was living with HIV.

Outcome variables

Infant growth

Anthropometric measurements were performed by trained

research assistants using standardised techniques (Members

of the WHO Multicentre Growth Reference Study Group

, ). Infant weight was measured to the nearest

0.01 kg using an infant scale (seca 367) and recumbent

length to the nearest 0.01 cm using an infantometer (seca

416). Anthropometric related data (sex, age, length,

weight) were analysed using the WHO Anthro Survey Ana-

lyser software to generate HAZ, WAZ, and WHZ scores

(World Health Organization ).

Exposure variables

Table 1 summarises the variables and survey questions

drawn from the Soweto Baby WASH study, as well as the

coding of composite variables created for use in the analyses

that follow.

Water, sanitation, and hygiene

Household WASH was assessed using a questionnaire

adapted from the WHO/UNICEF Core Questions on Drink-

ing-Water and Sanitation for Household Surveys (WHO/

UNICEF ), the WHO/UNICEF Joint Monitoring Pro-

gramme (United Nations Joint Monitoring Programme

(JMP) ; WHO/UNICEF Joint Monitoring Programme
://iwaponline.com/jwh/article-pdf/18/5/798/773776/jwh0180798.pdf
(JMP) ), and the Global Analysis and Assessment of

Sanitation and Drinking Water (World Health Organization

).

Variables pertaining to water source were aggregated

into two categories, safely managed and not safely managed.

Safely managed water sources were defined as: a basic

drinking water source located on the premises (piped into

the home/property), available when needed and free of

faecal and chemical contamination (WHO/UNICEF Joint

Monitoring Programme (JMP) ). Not safely managed

water sources comprised all other installations. Variables

including access to water source (coded 1 if the water

source was on the property, and 0 if not), water treatment,

and interruptions to water supply were also collected

(Table 1). A water index (scored 0–4, with 0 representing

the lowest level of water infrastructure and behaviours,

and 4 the highest); was constructed as a sum of the items

pertaining to water source, access, treatment, and supply

(Manzoni et al. ).

Data on the type of sanitation infrastructure (Table 1)

were aggregated into two categories, safely managed and

not safely managed. Safely managed sanitation facilities

were defined as a basic sanitation facility (flush/pour to

piped sewer system) where excreta are safely disposed in

situ or treated off-site (WHO/UNICEF Joint Monitoring

Programme (JMP) ). Not safely managed sanitation

facilities incorporated all other infrastructure installations.

In order to create a composite hygiene index (scored

0–5: with 0 representing the lowest level of hygiene

behaviours and infrastructure, and 5 the highest), three indi-

ces to assess hygiene behaviours and circumstances were

created (Webb et al. ). Firstly, a Household Hygiene

Index – scored 0–2, (Table 1) included type of house, and

presence of animals on the property (coded 0 if there were

animals on the property, and 1 if not). Secondly, a Personal

Hygiene Index – scored 0–2 (Table 1), included handwash-

ing, and handwashing detergent. And thirdly, a Food

Hygiene Index – scored 0–1 (Table 1), cleaning of the

breast and cleaning of utensils prior to feeding. The House-

hold Hygiene Index, Personal Hygiene Index, and Food

Hygiene Index were calculated as the sum of the individual

items and the overall hygiene index as the sum of the House-

hold Hygiene Index, Personal Hygiene Index, and Food

Hygiene Index (Webb et al. ; Manzoni et al. ).



Table 1 | Composite variables for water index, sanitation, and hygiene index

Descriptor Description Aggregated variable Coding Survey question

Type of water
source

Piped into dwelling Safely managed 1 What are the most common
(within past 2 weeks) sources of
water you have access to?

Piped into yard/plot
Bottled water Not safely managed 0
Public tap
Borehole
Protected dug well
Protected spring
Rainwater
Tanker/Cart with small tank
Unprotected dug well
Unprotected spring
Surface water

Interruptions to
water supply

Daily >Once a month 0 How often do you have
interruptions to your water
supply?

Once a week
Once a month
Rarely/Never Rarely 1
Don’t know

Water treatment Bleach/Chlorine Treatment 1 What methods do you use to treat
your water?Boiling

Strain it through a cloth
Use a water filter
Solar disinfection
Let it stand/settle
Other
None No treatment 0

Type of
sanitation

Flush/Pour to piped sewer system Safely managed 1 What type of toilet facilities are
available?Flush/Pour to septic tank Not safely managed 0

Flush/Pour to pit latrine
Flush/Pour to elsewhere
Ventilated Improved pit latrine
Pit latrine with slab
Composting toilet
Portable toilet
Bucket
Pit latrine without slab
No facilities (bush or field)

Type of house Shack/Zozo Informal 0 How would you describe the home
you are living in?Hostel

Flat/Cottage Formal 1
House
Room/Garage
Residence
(attached to education or employment)

Government housing
Other

Handwashing Before and after eating Before/After handling
food

1 When do you wash your hands?
Before preparing food
Before and after feeding
After using toilet Before/After using

sanitation
1

After changing diaper
When hands are dirty Other 0
Never/Rarely
Other

(continued)
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Table 1 | continued

Descriptor Description Aggregated variable Coding Survey question

Handwashing
detergent

Soap and water Water and soap/ash 1 What do you wash your hands
with?Water and ash

Only water 0

Cleaning of
breast/nipple

Yes, Always Food hygiene practices
(Recommended)

1 Do you clean your breast or
nipples before feeding? How do
you usually clean the utensils
used for feeding?

Yes, Sometimes

Cleaning of
utensils

Cold water and soap
Boiled water
Boiled water and soap
Sterilisation solution

Cleaning of
breast/nipple

No Food hygiene practices
(Not Recommended)

0
Don’t know

Cleaning of
utensils

Cold water
Other
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For both the water and hygiene indices, each of the

items was scored as either 0 or 1, with 1 representing a

positive behaviour or circumstance. Positive behaviour or

circumstance was defined as an activity or condition that

is protective towards or acts as a barrier to the transmission

of pathogens (Webb et al. ; United Nations Joint

Monitoring Programme (JMP) ; WHO/UNICEF Joint

Monitoring Programme (JMP) ; Cumming & Cairncross

).

Covariates

Maternal anthropometry

Maternal height, to the nearest 0.1 cm, was measured using

a wall-mounted stadiometer (Holtain), and weight, to the

nearest 0.1 kg using a digital scale (seca 877), was measured

by trained research assistants using standardised techniques,

from which maternal Body Mass Index (BMI) was calcu-

lated as (kg/m2) (de Onis et al. ).

Morbidity and illness

Maternal and infant, morbidity, illness, and healthcare

access were assessed using interviewer-administered sur-

veys, validated in the study setting, and confirmed against

clinic records (Said-Mohamed et al. ). Incidence of diar-

rhoea was recorded by 7-day recall from birth to 6 months,

and 14 day recall from 6 months to 1 year of age.
://iwaponline.com/jwh/article-pdf/18/5/798/773776/jwh0180798.pdf
Infant feeding practices

Infant feeding practices were assessed using a locally

adapted version of the WHO/UNICEF Infant and Young

Child Feeding Questionnaire (World Health Organization

, ; Nieuwoudt Manderson & Norris ). Preva-

lence of exclusive breastfeeding (EBF) from birth to 6

months was determined using the WHO definition which

allows the infant to receive breastmilk (either expressed or

from a wet nurse), oral rehydration solution, drops, syrups

(vitamins, minerals, medicines), but nothing else (World

Health Organization , ).
Household socio-economic status and demographics

The household socio-economic status questionnaire was

developed based on the National Income Dynamics Study

(University of Cape Town ), and the Living Conditions

Survey (Statistics South Africa a). Data pertaining to

household crowding, maternal employment, and education

were collected. A Household Wealth Index was calculated

using latent household variables: household assets (bicycle,

motorcycle, motor vehicle, fridge, microwave, washing

machine, landline telephone, camera, cellphone, television,

DVD-player, paid television subscription, computer/laptop,

internet access), housing characteristics (home ownership,

land ownership, and main type of energy) (Rutstein & John-

son ; Vyas & Kumaranayake ). The Household

Wealth Index was built using principal component analysis
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(Vyas & Kumaranayake ). Based on the Household

Wealth Index, the sample was divided in half into two cat-

egories (the richest and the poorest)
Sample size

A total of 1,289 mothers were screened post-delivery at the

maternity wards at Chris Hani Baragwanath Academic Hos-

pital. Of those screened, 243 were eligible. Because 87 did

not consent, 156 mother–infant pairs were enrolled in the

study (Figure 1).
Statistical analyses

The statistical software used for analysis was Stata version

13.1 (StataCorp ). Descriptive statistics, including fre-

quencies, proportions, means, and standard deviation, or

median and range were used to summarise the variables.

The Shapiro–Wilk test for normality, and tests of homogen-

eity of variance were performed to identify the type of

distribution for continuous variables. Differences by sex
Figure 1 | Screening, follow-up and attrition flow diagram of the Soweto Baby WASH study.
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were assessed using a Pearson’s chi-squared test, or an inde-

pendent Student’s t-test.

Using the social-ecological model (Neal & Neal )

informed by the UNICEF Conceptual Framework (The

United Nations Children’s Fund ), three hierarchical

models were hypothesised in order to assess the associations

between WASH components and HAZ, WAZ, and WHZ,

while controlling for individual infant and maternal factors,

as well as household characteristics at 1, 6, and 12 months

postpartum (Victora et al. ). Model 1 (M1) investigated

the unadjusted and independent association between

WASH factors and growth outcomes. Model 2 (M2) exam-

ined the effect after controlling M1 for individual infant

factors (birthweight, gestational age). Model 3 (M3)

explored the effect after controlling M2 for maternal factors

(age, height, BMI, employment, education). Finally, Model 4

(M4) investigated the effect after controlling M3 for

household factors (crowding, wealth index). Collinearity

between variables was tested by assessing the variable

inflation factor and covariance correlation matrices. Signifi-

cance levels were set at p� 0.05 with 95% Confidence

Intervals.
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RESULTS

Over the duration of the study, 73 (46.8%) participants were

lost to follow-up. A total of 83 mother–infant pairs exited the

study after 12 months of follow-up, comprising the final

sample (Figure 1).

At birth (Table 2), despite having been born within

normal ranges for birthweight (mean¼ 3.055 g, SD¼ 0.35)

and gestational age (mean¼ 38.9 weeks, SD¼ 1.2), the

prevalence of stunting was 9.7%, underweight 0.7%, and

wasting 2%. Stunted largely persisted being at a higher

prevalence than other forms of undernutrition as the study

progressed with 10.2% of participants being stunted at 1

month, 10.1% at 6 months, and 11% at 12 months

(Table 3). Mean maternal BMI values were as follows,

27.5 (SD¼ 5.9) at 1 month, 29.9 (SD¼ 6.1) at 6 months,

and 29.9 (SD¼ 6.6) at 12 months (Table 3). At 1 month post-

partum, more than two-thirds of mothers were employed,

while conversely at 12 months postpartum, approximately

two-thirds (65.3%) were unemployed.
Table 2 | Maternal and infant characteristics at birth in the Soweto Baby WASH study

Delivery

Total

n

Mean, SD, or
percentages

Infant characteristics

Sex Male 76 50.3%
Female 75 49.7%

Age (mean, SD) Months 154 0.039 (0.029)

Gestational age (mean, SD) Weeks 151 38.9 (1.2)

Weight (mean, SD) kg 151 3.055 (0.35)

Length (mean, SD) cm 151 48.3 (1.7)

Stunted Yes 14 9.3%
No 136 90.7%

Underweight Yes 1 0.7%
No 149 99.3%

Wasted Yes 3 2%
No 144 98%

Maternal characteristics

Age (mean, SD) Years 153 27.7 (6.1)

Height (mean, SD) cm 77 157.8 (6.9)

://iwaponline.com/jwh/article-pdf/18/5/798/773776/jwh0180798.pdf
Additional participant characteristics are presented in

Supplementary Material, Table 1.

The water index did not vary much over the course of

the study with the sample mean remaining around 3.11

over a maximum score of 4 across all 3 timepoints

(Table 3). With regards to sanitation, more than 90% of par-

ticipants had access to a safely managed sanitation facility.

The hygiene index did also not vary much over the course

of the study with sample means remaining around 3.35

(SD¼ 0.87) at 1 month, 3.38 (SD¼ 0.89) at 6 months, and

3.14 (SD¼ 0.97) at 12 months.

Tables 4–6 show the results for the hierarchical

regression analyses on HAZ, WAZ, and WHZ at 1, 6,

and 12 months postpartum, respectively. All significant

associations for the fully adjusted M4 models are

diagrammatically displayed in Figure 2.

Using a safely managed sanitation facility was associ-

ated with an increase in HAZ scores by 2.24 (M4, p¼
0.03), at 1 month, but this effect size decreased to 0.98

(p¼ 0.04), at 6 months postpartum and no association was

detected at 12 months (Table 4). An improvement by 1

unit in the hygiene index was associated with a decrease

of 0.53 in HAZ scores (M4, p¼ 0.04) at 1 month postpartum

but no associations were detected at 6 or 12 months. No

associations between the water index and HAZ scores

were detected at any of the timepoints. At 1 month, 6

months, and 12 months, WASH factors (M1) explained 2,

10, and 6% of the variance in HAZ, respectively, while

infant, maternal, and household characteristics (M4) at the

same time points, explained, 56, 29, and 28% of HAZ var-

iance, respectively.

With regard to WAZ (Table 5), a 1-unit improvement in

the hygiene index was associated with a decrease in WAZ by

0.44 (M4, p¼ 0.001) at 1 month, while no associations were

detected at either 6 or 12 months postpartum. Use of a safely

managed sanitation facility was associated with an increase

in WAZ by 1.21 (M4, p¼ 0.01) at 1 month, 1.57 (M4, p¼
0.01) at 6 months, and 1.92 (M4, p¼ 0.01) at 12 months.

No associations between the water index and WAZ scores

were detected at either 1, 6, or 12 months in the fully

adjusted models (M4). At 1 month, 6 months, and 12

months, WASH factors (M1) explained 1, 6, and 19% of

the variance in WAZ scores, respectively, while infant,

maternal, and household characteristics (M4) at the same



Table 3 | Maternal and infant characteristics at 1, 6, and 12 months postpartum in the Soweto Baby WASH study

1 month postpartum 6 months postpartum 12 months postpartum

Total Total Total

n n n

Infant characteristics

Sex Male 76 50.3% 42 52.5% 42 57.5%
Female 75 49.7% 38 47.5% 31 42.5%

Age (mean, SD) Months 59 0.961 (0.098) 79 5.752 (0.506) 73 11.931 (0.654)

Weight (mean, SD) kg 59 4.088 (0.56) 79 7.498 (1.002) 73 9.250 (1.164)

Length (mean, SD) cm 59 52.5 (1.9) 79 64.7 (2.4) 73 73.4 (2.1)

Stunted Yes 6 10.2% 8 10.1% 8 11%
No 53 89.8% 71 89.9% 65 89%

Underweight Yes 2 3.4% 2 2.5% 2 2.7%
No 57 96.6% 77 97.5% 71 97.3%

Wasted Yes 2 3.4% 2 2.5% 2 2.7%
No 57 96.6% 77 97.5% 71 97.3%

Exclusive breastfeeding Yes 3 5.2% 0 – – –

No 55 94.8% 78 100% – –

Maternal characteristics

Age (mean, SD) Years 57 27.5 (5.9) 74 27.9 (5.9) 70 28.7 (6.4)

Weight (mean, SD) kg 57 71.2 (13.4) 74 74.3 (16.4) 70 73.9 (17.7)

BMI (mean, SD) 45 27.5 (4.9) 74 29.9 (6.1) 66 29.9 (6.6)

Education No formal education,
primary, and secondary

68 71.6% 61 77.2% 59 80.2%

Tertiary 27 28,4% 18 22.8%% 14 19.8%

Employment Yes 54 66.7% 55 70.5% 25 34.7%
No 27 33.3% 23 29.5% 47 65.3%

Household characteristics

Crowding (mean, SD) 97 4.4 (2.6) 79 5.9 (2.9) 73 5.8 (2.7)

Wealth Index Poorest 42 47.7% 37 50.7% 35 50.7%
Richest 46 52.3% 36 49.3% 34 49.3%

WASH characteristics

Water source Safely managed 69 74.2% 62 77.5% 51 69.9%
Not safely managed 24 25.8% 18 22.5% 22 30.1%

Water source on premises Yes 77 82.8% 62 77.5% 57 78.1%
No 16 17.2% 18 22.5% 16 21.9%

(continued)
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Table 3 | continued

1 month postpartum 6 months postpartum 12 months postpartum

Total Total Total

n n n

Water treatment Treatment 18 19.4% 15 18.7% 11 15.1%
No treatment 75 80.6% 65 81.3% 62 84.9%

Interruptions to supply Rarely 70 75.3% 60 75% 57 78.1%
> Once a month 23 24.7% 20 25% 16 21.9%%

Water storage Bucket 20 90.9% 25 96.2% 19 95%
Other (pot, bottle, tub, water
can)

2 9.1% 1 3.8% 1 5%

Water Index (mean, SD) 93 3.13 (0.91) 80 3.11 (0.84) 73 3.11 (0.68)

Type of sanitation Safely managed 87 93.5% 77 96.3% 71 97.3%
Not safely managed 6 6.5%% 3 3.7% 2 2.7%

Household hygiene characteristics

Type of house Formal 78 82.1% 63 80.7% 59 80.8%
Informal 17 17.9%% 15 19.3% 3 19.2%

Type of flooring Improved – – 75 96.2% 65 89%
Unimproved – – 3 3.8% 8 11%

Animals on property No 69 74.2% 59 73.4% 56 76.7%
Yes 24 25.8% 21 26.3% 17 23.3%

Waste storage Outside house/off property 87 94.6% 72 90% 66 90.4%
Inside house 5 5,4% 8 10% 7 9.6%

Frequency of household cleaning Everyday 88 94.6% 76 95% 66 90.4%
<7 times a week 5 5.4% 4 5% 7 9.6%

Personal hygiene characteristics

Hand washing Before/after handling food 29 31.2% 32 40 41 56.2%
Before/after using sanitation 48 51.6%% 38 47.5 26 35.6%
Other (when hands dirty,
rarely, after touching
money, after cleaning)

16 17.2%% 10 12.5% 6 8.2%

Hand washing detergent Water & soap/ash 66 71.7% 60 76.9% 52 72.2%
Only water 26 28.3% 18 23.1% 20 27.8%

Food hygiene characteristics

Food hygiene practices Recommended behavioura 46 86.8% 54 68.4% 33 44.6%
Not recommended behaviour 7 13.2% 25 31.6% 41 55.4%

Main type of water usedb Tap water boiled 25 100% 36 100% 33 100%

Hygiene index (mean, SD) 46 3.35 (0.87) 65 3.38 (0.89) 65 3.14 (0.97)

(continued)
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time points explained, 90, 34, and 26% of the variation in

WAZ, respectively.

Finally, in terms of WHZ (Table 6), use of a safely man-

aged sanitation facility was associated with an increase in

WHZ, at 12 months, by 1.94 (M4, p¼ 0.02) while no associ-

ations were detected at 1 or 6 months. No associations with

WHZ were detected for either the hygiene or water indices

at any of the timepoints. At 1 month, 6 months, and 12

months, WASH factors (M1) explained 2, 4, and 18% of

the variance in WHZ respectively, while infant, maternal,

and household characteristics (M4) at the same time

points explained 55, 18, and 24% of the variation in

WHZ, respectively.
DISCUSSION

This study aimed to identify specific postnatal environ-

mental factors related to WASH, and subsequent

associations with HAZ, WAZ, and WHZ scores in infants

born healthy in Soweto, Johannesburg. This study identified

statistically significant associations with each of the specific

WASH components and growth outcomes, dependent on

infant age. In summary, household access to sanitation

facilities that were not safely managed was associated with

a decrease in HAZ scores at 1 and 6 months (but not at

12 months) with WAZ at all timepoints; and finally, with

WHZ scores at 12 months (but not at 1 or 6 months). The

hygiene index was negatively associated with HAZ and

WAZ scores at 1 month, but not at 6 or 12 months, or

with WHZ scores at any of the timepoints. The evidence

therefore suggests that the greatest impact relating to water

is likely to affect WAZ around 12 months while the greatest

impact of hygiene is around 1 month postpartum and is

likely to affect HAZ and WAZ. Access to safely managed

sanitation facilities is critical throughout the first year and

impacts HAZ, WAZ, and WHZ.

Improvements in water, as it relates to WASH, are

expected to have positive effects on diarrhoea which has

been implicated as a major cause of undernutrition

(Nabwera et al. ). However, interventions delivered in

the WASH Benefits trials, in Bangladesh and Kenya, and

the SHINE trials in Zimbabwe found no effect of basic

water interventions on linear growth, or on childhood



Figure 2 | Significant associations between HAZ, WAZ, WHZ, and WASH components, infant, maternal, and household factors in model 4.
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diarrhoea (Null et al. ; Cumming et al. ; Pickering

et al. b). We found that in the current South African

context, there was no association between water conditions

and growth outcomes in the various models. Noteworthy,

however, is the negative association between the water

index and WAZ at 12 months after adjusting for infant

characteristics at birth, but not after adjusting for maternal

or household characteristics, which may mean that the

effect might be relative to nutritional status at birth.

This finding was also consistent with a recent study in

South Africa (Eastern Cape) which found that an increase in

the prevalence of use of an improved water source was associ-

atedwith an increase in systemic inflammation among children

under 5 years of age (Voth-Gaeddert et al. ). Therefore,

in the South African context, factors such as informal pipe

connections, water quality, water removal devices, and

household water storage practices may be associated with

water source quality and to a certain extent affect infant growth.

In addition, early introduction of formula feeding and

complimentary foods, as is seen in our study population

through the extremely low rates of EBF may also result in

infants being exposed to pathogens, resulting in impaired

intestinal function, or environmental enteric dysfunction

(EED) (Keusch et al. ; Mbuya & Humphrey ).
://iwaponline.com/jwh/article-pdf/18/5/798/773776/jwh0180798.pdf
EED is thought to explain a significant portion of unre-

solved and unexplained undernutrition in the developing

world, through nutrient malabsorption and systemic inflam-

matory responses (Mbuya & Humphrey ). In Zimbabwe

for instance, it was found that non-EBF may lead to faeco-

oral transmission of bacteria among infants living in con-

ditions of poor sanitation and hygiene; and that frequent

exposure to potentially pathogenic organisms likely drives

enteric inflammation (Prendergast et al. ).

In this study, we showed that household access to sani-

tation facilities that were not safely managed was associated

with a decrease in HAZ, WAZ, and WHZ. Similar associ-

ations between sanitation and undernutrition have been

seen in a number of African settings. In Ethiopia, for

instance, unavailability of a latrine was associated with sig-

nificant higher odds of stunting in children between 6 and

24 months (Derso et al. ) and poor household sanitary

facilities were associated with undernutrition between 6

and 12 months (Medhin et al. ) and in Zimbabwe,

poor sanitation was associated with stunting and chronic

inflammation between birth and 24 months (Prendergast

et al. ).

A peculiarity in this respect is the fact that the infants

are not, at this early stage, using sanitation facilities, which



Table 4 | Hierarchical regression analyses of WASH components on HAZ at 1, 6, and 12 months postpartum, the Soweto Baby WASH study

HAZ

1 month postpartum 6 months postpartum 12 months postpartum

M1 M2 M3 M4 M1 M2 M3 M4 M1 M2 M3 M4
n¼ 45 n¼ 44 n¼ 31 n¼ 30 n¼ 65 n¼ 64 n¼ 60 n¼ 59 n¼ 65 n¼ 64 n¼ 57 n¼ 56

Model 1: WASH characteristics

Water Index �0.10

(�0.44–0.24)

�0.02

(�0.31–0.27)

0.20

(�0.21–0.61)

0.20

(�0.27–0.66)

�0.20

(�0.46–0.05)

�0.17

(�0.41–0.08)

�0.16

(�0.41–0.08)

�0.12

(�0.37–0.13)

�0.20

(�0.52–0.12)

�0.25

(�0.56–0.06)

�0.24

(�0.57–0.09)

�0.21

(�0.53–0.12)

Sanitation Safely managed Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

Not safely

managed

�0.14

(�1.19–0.90)

�0.45

(�1.36–0.46)

�2.22*

(�3.98–�
0.47)

�2.24*

(�4.28–� 0.20)

�0.88

(�1.90–0.14)

�1.02*

(�1.99–� 0.05)

�0.96*

(�1.92–� 0.01)

�0.98*

(�1.93–� 0.03)

�0.93

(�2.15–0.28)

�0.95

(�2.12–0.22)

�0.64

(�1.91–0.63)

�1.03

(�2.29–0.24)

Hygiene Index �0.13

(�0.51–0.24)

�0.22

(�0.54–0.10)

�0.52*

(�0.96–� 0.08)

�0.53*

(�1.02–� 0.03)

�0.18

(�0.43–0.06)

�0.17

(�0.40–0.06)

�0.20

(�0.43–0.03)

�0.12

(�0.36–0.13)

0.00

(�0.22–0.23)

0.05

(�0.16–0.26)

0.11

(�0.12–0.35)

0.12

(�0.11–0.35)

R2 0.02 – – – 0.10 – – – 0.06 – – –

F 0.83 – – – 0.08 – – – 0.28 – – –

Model 2: Addition of infant characteristics

Birthweight – 1.47**

(0.65–2.29)

1.09*

(0.05–2.13)

1.09

(�0.13–2.30)

– 0.83**

(0.24–1.42)

0.81**

(0.21–1.42)

0.86**

(0.25–1.47)

– 0.73*

(0.09–1.37)

0.65

(�0.06–1.36)

0.62

(�0.07–1.30)

Gestational age – 0.09

(�0.12–0.30)

0.05

(�0.22–0.32)

0.04

(�0.31–0.39)

– �0.04

(�0.22–0.14)

�0.03

(�0.22–0.16)

0.03

(�0.17–0.23)

– 0.02

(�0.16–0.19)

0.03

(�0.18–0.23)

0.00

(�0.19–0.20)

R2 – 0.34 – – – 0.22 – – – 0.16 – –

ΔR2 – 0.32** – – – 0.11* – – – 0.10* – –

F – 0.005** – – – 0.01** – – – 0.07 – –

Model 3: Addition maternal characteristics

Age – – 0.07

(�0.01–0.15)

0.08

(�0.04–0.19)

– – 0.01

(�0.03–0.04)

0.01

(�0.03–0.05)

– – �0.03

(�0.07–0.01)

�0.03

(�0.07–0.01)

Height – – 0.01

(�0.05–0.08)

0.01

(�0.06–0.09)

– – 0.04*

(0.01–0.07)

0.04*

(0.01–0.07)

– – 0.03

(�0.00–0.07)

0.02

(�0.01–0.06)

BMI – – �0.10*

(�0.19–� 0.01)

�0.10

(�0.22–0.01)

– – 0.01

(�0.02–0.05)

0.02

(�0.02–0.06)

– – 0.01

(�0.02–0.05)

0.00

(�0.03–0.04)

Education No formal

education,

primary &

secondary

Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

Tertiary – – �0.17

(�0.94–0.59)

�0.17

(�1.02–0.68)

– – �0.14

(�0.63–0.35)

�0.03

(�0.53–0.47)

– – 0.06

(�0.51–0.64)

0.04

(�0.52–0.60)

Employment Yes Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

No – – �0.35

(�1.16–0.45)

�0.36

(�1.27–0.55)

– – 0.24

(�0.23–0.71)

0.38

(�0.12–0.89)

– – �0.12

(�0.60–0.36)

�0.05

(�0.53–0.44)

R2 – – 0.58 – – – 0.36 – – – 0.25 –

ΔR2 – – 0.23 – – – 0.14 – – – 0.09 –

F – – 0.03* – – – 0.009** – – – 0.17 –

(continued)
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may allude to the importance of sanitation and hygiene at

household as well as community levels, transmitted through

the mother or caregiver. Results from a study conducted in

an urban setting in Maputo, Mozambique, reported associ-

ations with risk factors for faecal contamination of water,

soil, and surfaces in households sharing poor-quality sani-

tation, and described a setting impacted by pervasive

domestic faecal contamination, including from human

sources, that was largely disconnected from the observed

variation in socio-economic and sanitary conditions

(Holcomb et al. ).

It is noticeable that the effect size of sanitation

decreased for HAZ between 1 month up until 12 months

while the opposite effect was seen for WAZ and WHZ

where the effect of sanitation increased from 1 month up

to 12 months, with the greatest the effect size seen in WHZ.

This may be indicative of WASH factors, such as sani-

tation, having a greater impact on weight, rather than height,

during this initial period of early childhood growth, with

height generally being amarker of chronic undernutrition per-

sisting over a number of years. This is consistent with literature

that suggests that adiposity is more sensitive to fluctuations

driven by external environmental factors, including food

security, and recurrent infections, and therefore more likely

to affect children over the course of months rather than

years (Victora et al. ; Richard et al. , ; Osgood-

Zimmerman et al. ). As such, the extent of WASH factors

on heightmay only become evident later on during childhood.

In turn, WASH interventions targeted on linear growth, with

limited effects on the burden of diarrhoea,may reduce the like-

lihood of catch-up growth in the first 2 years (Richard et al.

, ). This is seen in the contribution of WASH factors

to the variation in z-scores being minimal for all indices at 1

month, increasing somewhat to around 6–10% for HAZ

between 6 and 12 months; however, significant increases in

explanatory contribution up to about 20% are seen when it

comes to WHZ and WAZ at 12 months.

Negative associations for the hygiene index for HAZ and

WAZ were detected at 1 month postpartum, contrary to the

initial hypothesis, that an increase in the hygiene index

would yield positive associations with the nutritional status

outcomes. Given the significance of sanitation, during a

period when infants are not themselves using sanitation facili-

ties, a point of reflection that emerges is again whether



Table 5 | Hierarchical regression analyses of WASH components on WAZ at 1, 6, and 12 months postpartum, the Soweto Baby WASH study

WAZ

1 month postpartum 6 months postpartum 12 months postpartum

M1 M2 M3 M4 M1 M2 M3 M4 M1 M2 M3 M4
n¼ 45 n¼ 44 n¼ 31 n¼ 30 n¼ 65 n¼ 64 n¼ 60 n¼ 59 n¼ 65 n¼ 64 n¼ 57 n¼ 56

Model 1: WASH characteristics

Water index �0.05

(�0.36–

0.25)

0.02

(�0.15–0.20)

0.17

(�0.03–0.38)

0.17

(�0.04–0.37)

�0.10

(�0.42–

0.23)

�0.03

(�0.32–0.27)

0.01

(�0.31–0.33)

0.07

(�0.25–0.39)

�0.36

(�0.73–0.01)

�0.41*

(�0.74–�
0.07)

�0.33

(�0.69–0.03)

�0.35

(�0.73–0.03)

Sanitation Safely managed Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

Not safely

managed

0.17

(�0.78–

1.11)

�0.35

(�0.91–0.20)

�1.32**

(�2.19–�
0.44)

�1.21*

(�2.12–�
0.30)

�1.28

(�2.57–

0.00)

�1.50*

(�2.69–�
0.31)

�1.51*

(�2.75–�
0.26)

�1.57*

(�2.78–�
0.36)

�2.21**

(�3.63–�
0.79)

�2.12**

(�3.39–�
0.84)

�1.84*

(�3.24–�
0.45)

�1.92*

(�3.39–�
0.46)

Hygiene

Index

�0.06

(�0.40–

0.28)

�0.21*

(�0.40–�
0.01)

�0.39**

(�0.61–�
0.17)

�0.44**

(�0.66–�
0.22)

�0.04

(�0.34–

0.26)

�0.03

(�0.31–0.25)

�0.06

(�0.36–0.25)

0.04

(�0.28–0.35)

�0.07

(�0.33–0.19)

0.01

(�0.22–0.25)

0.03

(�0.23–0.29)

0.00

(�0.26–0.27)

R2 0.01 – – – 0.06 – – – 0.19 – – –

F 0.92 – – – 0.26 – – – 0.005** – – –

Model 2: Addition of infant characteristics

Birthweight – 2.18**

(1.68–2.68)

2.52**

(2.00–3.04)

2.61**

(2.06–3.15)

– 1.35**

(0.63–2.07)

1.52**

(0.73–2.31)

1.51**

(0.72–2.29)

– 1.41**

(0.71–2.11)

1.30**

(0.52–2.09)

1.29**

(0.50–2.09)

Gestational

age

– 0.01

(�0.12–0.13)

�0.01

(�0.14–0.13)

�0.05

(�0.21–0.11)

– �0.06

(�0.28–0.16)

�0.10

(�0.34–0.14)

�0.07

(�0.33–0.19)

– �0.11

(�0.30–0.08)

�0.12

(�0.35–0.10)

�0.14

(�0.37–0.09)

R2 – 0.71 – – – 0.25 – – – 0.37 – –

ΔR2 – 0.70** – – – 0.19** – – – 0.18** – –

F – 0.000** – – – 0.004** – – – 0.000** – –

Model 3: Addition Maternal Characteristics

Age – – 0.02

(�0.02–0.06)

0.02

(�0.03–0.07)

– – 0.00

(�0.05–0.05)

0.01

(�0.04–0.05)

– – 0.00

(�0.04–0.05)

0.00

(�0.05–0.05)

Height – – 0.03

(�0.01–0.06)

0.02

(�0.01–0.06)

– – 0.02

(�0.02–0.06)

0.02

(�0.02–0.06)

– – 0.03

(�0.01–0.07)

0.03

(�0.02–0.07)

BMI – – 0.03

(�0.02–0.07)

0.02

(�0.03–0.08)

– – 0.02

(�0.03–0.07)

0.03

(�0.02–0.07)

– – 0.00

(�0.04–0.04)

0.00

(�0.04–0.04)

Education No formal

education,

primary &

secondary

Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

tertiary – – 0.37

(�0.02–0.75)

0.36

(�0.02–0.74)

– – �0.06

(�0.70–0.58)

0.07

(�0.56–0.71)

– – 0.17

(�0.46–0.80)

0.15

(�0.50–0.80)

Employment Yes Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

No – – �0.53*

(�0.93–�
0.13)

�0.61**

(�1.02–�
0.21)

– – 0.17

(�0.45–0.78)

0.39

(�0.25–1.03)

– – �0.27

(�0.80–0.25)

�0.30

(�0.87–0.26)

R2 – – 0.89 – – – 0.33 – – – 0.42 –

ΔR2 – – 0.18 – – – 0.08 – – – 0.05 –

F – – 0.000** – – – 0.02* – – – 0.002** –

(continued)
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undernutrition is driven through maternal and caregiver prac-

tices and health, with maternal and caregiver health being

driven through WASH.

This study has a number of strengths. Firstly, using data-

driven processes, this study produced water and hygiene

indices which are the first step in exploring various method-

ologies for creating WASH indicators that relate to child

growth in the South African setting. This contributes to

broader issues surrounding the fact that current indices

have not been sufficient to detect associations with growth

(Null et al. ; Cumming et al. ; Pickering et al. b).

Secondly, this study, as far as the authors can tell, is the

first, in the South African setting, specifically aimed at provid-

ing detailed information about WASH exposures, and

precisely when in early childhood they affect growth. Limited

data exist looking specifically at the effect of timing in the role

that WASH plays in determining nutritional status in the Afri-

can context (Momberg et al. b). Furthermore, only a

handful of studies in this context have considered the link

between WASH factors and nutritional status during early

childhood (Momberg et al. b). As such, this study begins

to build the body of evidence in the South African setting

and allows for the translation of existing evidence relating to

WASH and nutritional status into the sub-Saharan context,

particularly in South Africa (Momberg et al. a, b).

This study, like all studies investigating complex inter-

actions, has a number of limitations. Despite attempting to

validate respondents’ answers with multiple questions, social

desirability bias, whereby the participant is inclined to deny

undesirable traits, may influence some of the variables that per-

tain to behavioural characteristics, including the hygiene index.

During the course of the study, unanticipated cultural

dynamics were discovered, in terms of in- and out-migration

of the child, where the child moved relatively frequently

between caregivers and extended family in the urban Soweto

setting and rural context (Ginsburg et al. ; Said-Mohamed

et al. ; Hall et al. ). As a result, it was not always the

mother responding to the various surveys but sometimes

another caregiver, usually another family member, which is

likely indicative of mothers seeking social and possibly econ-

omic support, in terms of childcare (Ginsburg et al. ;

Said-Mohamed et al. ; Hall et al. ). This is consistent

with our finding that maternal unemployment was associated

with a decrease inWAZat 1month. Furthermore, infantswere



Table 6 | Hierarchical regression analyses of WASH components on WHZ at 1, 6, and 12 months postpartum, the Soweto Baby WASH study

WHZ

1 month postpartum 6 months postpartum 12 months postpartum

M1 M2 M3 M4 M1 M2 M3 M4 M1 M2 M3 M4
n¼ 45 n¼ 44 n¼ 31 n¼ 30 n¼ 65 n¼ 64 n¼ 60 n¼ 59 n¼ 65 n¼ 64 n¼ 57 n¼ 56

Model 1: WASH characteristics

Water Index 0.06

(�0.33–0.45)

0.07

(�0.30–0.44)

0.02

(�0.48–0.52)

0.01

(�0.54–0.56)

0.04

(�0.32–0.40)

0.10

(�0.26–0.45)

0.15

(�0.25–0.55)

0.19

(�0.22–0.59)

0.35

(�0.75–0.06)

0.38

(�0.76–0.01)

0.29

(�0.70–0.11)

� 0.33

(�0.76–0.09)

Sanitation Safely managed Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

Not safely

managed

0.45

(�0.74–1.64)

0.05

(�1.10–1.21)

0.79

(�1.34–2.92)

0.93

(�1.49–3.35)

0.90

(�2.35–0.54)

1.06

(�2.48–0.35)

1.12

(�2.66–0.43)

1.18

(�2.71–0.35)

2.38**

(�3.94–� 0.83)

2.25**

(�3.72–� 0.79)

2.08*

(�3.65–� 0.50)

� 1.94*

(�3.59–� 0.30)

Hygiene

Index

0.09

(�0.34–0.52)

0.01

(�0.42–0.40)

0.11

(�0.42–0.64)

0.05

(�0.54–0.64)

0.11

(�0.23–0.45)

0.11

(�0.23–0.44)

0.10

(�0.28–0.47)

0.15

(�0.24–0.55)

0.08

(�0.36–0.20)

0.01

(�0.28–0.26)

0.02

(�0.31–0.27)

� 0.06

(�0.36–0.24)

R2 0.02 – – – 0.04 – – – 0.18 – – –

F 0.87 – – – 0.48 – – – 0.008** – – –

Model 2: addition of infant characteristics

Birthweight – 1.41**

(0.37–2.45)

2.46**

(1.20–3.73)

2.60**

(1.16–4.05)

– 1.05*

(0.19–1.91)

1.29*

(0.31–2.26)

1.23*

(0.24–2.21)

– 1.32**

(0.52–2.13)

1.30**

(0.42–2.19)

1.31**

(0.42–2.20)

Gestational

age

– 0.12

(�0.39–0.15)

0.11

(�0.44–0.22)

0.16

(�0.57–0.26)

– 0.05

(�0.31–0.21)

0.10

(�0.41–0.20)

0.11

(�0.44–0.22)

– 0.16

(�0.38–0.06)

� 0.18

(�0.43–0.08)

0.18

(�0.44–0.08)

R2 – 0.18 – – – 0.13 – – – 0.31 – –

ΔR2 – 0.16* – – – 0.09 – – – 0.13** – –

F – 0.17 – – – 0.14 – – – 0.0005** – –

Model 3: addition maternal characteristics

Age – – 0.06

(�0.16–0.04)

0.07

(�0.20–0.07)

– – 0.00

(�0.06–0.06)

0.00

(�0.06–0.06)

– – 0.02

(�0.03–0.07)

0.02

(�0.03–0.07)

Height – – 0.03

(�0.05–0.11)

0.02

(�0.07–0.12)

– – 0.01

(�0.06–0.04)

0.01

(�0.06–0.04)

– – 0.02

(�0.03–0.07)

0.02

(�0.03–0.07)

BMI – – 0.17**

(0.06–0.28)

0.17*

(0.03–0.31)

– – 0.02

(�0.04–0.08)

0.02

(�0.04–0.08)

– – � 0.00

(�0.05–0.04)

0.00

(�0.05–0.04)

Education No formal

education,

primary &

secondary

Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

Tertiary – – 0.82

(�0.12–1.75)

0.81

(�0.19–1.82)

– – 0.04

(�0.75–0.83)

0.13

(�0.68–0.93)

– – 0.20

(�0.51–0.91)

0.19

(�0.53–0.92)

Employment Yes Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

No – – 0.32

(�1.30–0.66)

0.42

(�1.50–0.66)

– 0.02

(�0.74–0.78)

0.19

(�0.62–1.00)

– – � 0.26

(�0.86–0.33)

0.35

(�0.98–0.28)

R2 – – 0.57 – – – 0.18 – – – 0.38 –

ΔR2 – – 0.39* – – – 0.05 – – – 0.07 –

F – – 0.03* – – – 0.41 – – – 0.007** –

(continued)
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likely exposed to a number of different care practices and

infrastructure installations during the first year. WASH

interventions in this setting would therefore benefit from

including considerations surrounding social support while

reinforcing bestWASH practices at the individual, household,

and community levels.

Due to the relatively small sample size, not all of the vari-

ables that the authors would have hoped to include in the

indices and covariates were possible due to the low number

of observations for variables, such as water storage, EBF, and

incidence of diarrhoea. Notwithstanding the small sample

size, the fact that associationswere detected allows the authors

to postulate that these associations would be potentiated given

a larger sample. Despite sample sizes being limited in-lieu of

collecting more routine and detailed data, home visits allowed

the study team to limit biases in participant answers by probing

and having first-hand experience of the household.

In light of the evidence raised in this study, interventions

focussed on sanitation during the first 1,000 days are likely

to be most effective in improving infant length (and thus redu-

cing stunting) between birth and 6 months, weight (and thus

reducingwasting) around 12months, and overall underweight

between birth and one year postpartum. Given that these

infants were a priori born healthy, yet started short, might

allude to the need for WASH interventions to begin earlier

than previously anticipated, perhaps as early as pre-con-

ception, targeting women, as well as the household and

surrounding community (Bhutta et al. , ). These find-

ings are particularly relevant for policy makers in so far as the

importance of service provision of safely managed sanitation

facilities is concerned; thus suggesting that radical changes

and improvements to both household and community level

sanitation may be required before meaningful impacts on tar-

gets related to undernutrition are achieved. In addition, within

the South African setting, it is critical that these interventions

are accompanied by universal promotion of EBF, and

additional provision of social support to the most vulnerable.
CONCLUSION

The evidence suggests that the biggest impact relating to

water is likely to affect WAZ around 12 months while the

greatest impact of hygiene is around 1 month postpartum
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and is likely to affect HAZ and WAZ. Access to safely mana-

ged sanitation facilities is critical throughout the first year

and impacts HAZ,WAZ, andWHZ. Interventions intending

to address issues surrounding WASH in early childhood and

nutritional status would therefore benefit from taking this

timing into account and recognising specific timepoints in

early childhood, and associated WASH factors for interven-

tion. WASH is an important factor influencing infant

growth, and improvements to both household and commu-

nity level sanitation may be required in order to achieve

targets in terms of minimising undernutrition.
ACKNOWLEDGEMENTS

The support of the DSI-NRF Centre of Excellence in Human

Development (Grant Number: ACC2017007), DSI-NRF

Centre of Excellence in Food Security (Grant Number:

160502), and SAMRC/Wits Developmental Pathways for

Health Research Unit, towards this research is hereby

acknowledged. Opinions expressed and conclusions arrived

at are those of the authors and not necessarily to be

attributed to the CoE in Human Development, CoE in Food

Security or the SAMRC/Wits Developmental Pathways for

Health Research Unit. We would like to acknowledge and

thank all the participants who were involved in the study.
DATA AVAILABILITY STATEMENT

All relevant data are included in the paper or its Supplemen-

tary Information.
REFERENCES
Adair, L. S., Fall, C. H. D., Osmond, C., Stein, A. D., Martorell, R.,
Ramirez-Zea, M., Harshpal Singh Sachdev, H. S., Dahly,
D. L., Bas, I., Norris, S. A., Micklesfield, L., Hallal, P., &
Victora, C. G. for the COHORTS group  Associations of
linear growth and relative weight gain during early life with
adult health and human capital in countries of low and
middle income: findings from five birth cohort studies. The
Lancet 382 (9891), 525–534. doi: 10.1016/S0140-6736(13)
60103-8.
om http://iwaponline.com/jwh/article-pdf/18/5/798/773776/jwh0180798.pdf

 2021
Bhutta, Z. A., Ahmed, T., Black, R. E., Cousens, S., Dewey, K.,
Giugliani, E., Haider, B. A., Kirkwood, B., Morris, S. S.,
Sachdev, H. P. S., Shekar, M. for the Maternal and Child
Undernutrition Study Group  What works? Interventions
for maternal and child undernutrition and survival. The
Lancet 371 (9610), 417–440. doi: 10.1016/S0140-6736(07)
61693-6.

Bhutta, Z. A., Das, J. K., Rizvi, A., Gaffey, M. F., Walker, N.,
Horton, S., Webb, P., Lartey, A., Black, R. E. The Lancet
Nutrition Interventions Review Group, the Maternal and
Child Nutrition Study Group  Evidence-based
interventions for improvement of maternal and child
nutrition: what can be done and at what cost? The Lancet
382, 452–477. https://doi.org/10.1016/S0140-6736(13)
60996-4.

Chola, L., Michalow, J., Tugendhaft, A. & Hofman, K. 
Reducing diarrhoea deaths in South Africa: costs and effects
of scaling up essential interventions to prevent and treat
diarrhoea in under-five children. BMC Public Health 15 (1),
1–13. doi: 10.1186/s12889-015-1689-2.

City of Johannesburg.  Medium term budget 2019/20–2021/
22. City of Johannesburg, Johannesburg.

Cumming, O. & Cairncross, S.  Can water, sanitation and
hygiene help eliminate stunting? Current evidence and policy
implications. Maternal & Child Nutrition 12 (Suppl 1),
91–105. Edited by V. M. Aguayo and P. Menon. Hoboken:
John Wiley and Sons Inc. doi: 10.1111/mcn.12258.

Cumming, O., Arnold, B. F., Ban, R., Clasen, T., Esteves Mills, J.,
Freeman, M. C., Freeman, M. C., Gordon, B., Guiteras, R.,
Howard, G., Hunter, P. R., Johnston, R. B., Pickering, A. J.,
Prendergast, A. J., Prüss-Ustün, A., Rosenboom, J. W., Spears,
D., Sundberg, S., Wolf, J., Null, C., Luby, S. P., Humphrey,
J. H. & Colford Jr., J. M.  The implications of three major
new trials for the effect of water, sanitation and hygiene on
childhood diarrhea and stunting: a consensus statement.
BMC Medicine 17 (1), 1–9. doi: 10.1186/s12916-019-1410-x.

de Onis, M., Cheikh-Ismail, L. & Puglia, F.  ‘IAEA/WHO/
Oxford Multi-Centre Body Composition Reference Study’.
Oxford University Press, Oxford, p. 46.

Derso, T., Tariku, A., Biks, G. A. & Wassie, M. M.  Stunting,
wasting and associated factors among children aged 6–24
months in Dabat health and demographic surveillance
system site: a community based cross-sectional study in
Ethiopia. BMC Pediatrics 17, 96. doi: 10.1186/s12887-017-
0848-2.

Devereux, S., Jonah, C. & May, J.  ‘How many malnourished
children are there in South Africa? What can be done?’. In:
Putting Children First: New Frontiers in the Fight Against
Child Poverty in Africa (K. Roelen, R. Morgan & Y. Tafere
eds), Ibidem Press, Stuttgart.

Ginsburg, C., Norris, S. A., Richter, L. M. & Coplan, D. B. 
Patterns of residential mobility amongst children in Greater
Johannesburg-Soweto, South Africa: observations from the
birth to twenty cohort. Urban Forum 20 (4), 397–413. doi: 10.
1007/s12132-009-9069-6.

http://dx.doi.org/10.1016/S0140-6736(13)60103-8
http://dx.doi.org/10.1016/S0140-6736(13)60103-8
http://dx.doi.org/10.1016/S0140-6736(13)60103-8
http://dx.doi.org/10.1016/S0140-6736(13)60103-8
http://dx.doi.org/10.1016/S0140-6736(07)61693-6
http://dx.doi.org/10.1016/S0140-6736(07)61693-6
http://dx.doi.org/10.1016/S0140-6736(13)60996-4
http://dx.doi.org/10.1016/S0140-6736(13)60996-4
http://dx.doi.org/10.1016/S0140-6736(13)60996-4
http://dx.doi.org/10.1186/s12889-015-1689-2
http://dx.doi.org/10.1186/s12889-015-1689-2
http://dx.doi.org/10.1186/s12889-015-1689-2
http://dx.doi.org/10.1111/mcn.12258
http://dx.doi.org/10.1111/mcn.12258
http://dx.doi.org/10.1111/mcn.12258
http://dx.doi.org/10.1186/s12916-019-1410-x
http://dx.doi.org/10.1186/s12916-019-1410-x
http://dx.doi.org/10.1186/s12916-019-1410-x
http://dx.doi.org/10.1186/s12887-017-0848-2
http://dx.doi.org/10.1186/s12887-017-0848-2
http://dx.doi.org/10.1186/s12887-017-0848-2
http://dx.doi.org/10.1186/s12887-017-0848-2
http://dx.doi.org/10.1186/s12887-017-0848-2
http://dx.doi.org/10.1007/s12132-009-9069-6
http://dx.doi.org/10.1007/s12132-009-9069-6
http://dx.doi.org/10.1007/s12132-009-9069-6


817 D. J. Momberg et al. | WASH and childhood growth in Soweto Journal of Water and Health | 18.5 | 2020

Downloaded from http
by guest
on 05 January 2021
Government of the Republic of South Africa.  South Africa at
A Glance.

Hall, K., Richter, L., Mokomane, Z. & Lake, L.  Families and
the State Collaboration and Contestation.

Harrison, P. & Harrison, K.  Soweto: a study in socio-spatial
differentiation. In: Changing Space, Changing City:
Johannesburg After Apartheid (P. Harrison, G. Gotz, A.
Todes & C. Wray, eds). Wits University Press, Johannesburg,
pp. 293–318.

Hochberg, Z., Feil, R., Constancia, M., Fraga, M., Junien, C., Carel,
J.-C., Boileau, P., Le Bouc, Y., Deal, C. L., Lillycrop, K.,
Scharfmann, R., Sheppard, A., Skinner, M., Szyf, M.,
Waterland, R. A., Waxman, D. J., Whitelaw, E., Ong, K. &
Albertsson-Wikland, K.  Child health, developmental
plasticity, and epigenetic programming. Endocrine Reviews
32 (2), 159–224. doi: 10.1210/er.2009-0039.

Holcomb, D. A., Knee, J., Sumner, T., Adriano, Z., de Bruijn, E.,
Nalá, R., Cumming, O., Brown, J. & Stewart, J. R. 
Human fecal contamination of water, soil, and surfaces in
households sharing poor-quality sanitation facilities in
Maputo, Mozambique. International Journal of Hygiene and
Environmental Health 226 (November 2019), 113496. doi:
10.1016/j.ijheh.2020.113496.

Humphrey, J. H., Jones, A. D., Manges, A., Mangwadu, G.,
Maluccio, J. A., Mbuya, M. N. N., Moulton, L. H., Ntozini, R.
& The Sanitation Hygiene Infant Nutrition Efficacy (SHINE)
Trial Team  The sanitation hygiene infant nutrition
efficacy (SHINE) trial: rationale, design, and methods.
Clinical Infectious Diseases. Oxford University Press 61
(Suppl 7), S685–S702. doi: 10.1093/cid/civ844.

Johannesburg Water a Integrated Annual Report 2018/19.
Johannesburg.

Johannesburg Water b Johannesburg Water, Water Quality
Report.

Keusch, G. T., Rosenberg, I. H., Denno, D. M., Duggan, C.,
Guerrant, R. L., Lavery, J. V, Tarr, P. I., Ward, H. D., Black,
R. E., Nataro, J. P., Ryan, E. T., Bhutta, Z. A., Coovadia, H.,
Lima, A., Ramakrishna, B., Zaidi, A. K. M., Hay Burgess,
D. C. & Brewer, T.  Implications of acquired
environmental enteric dysfunction for growth and stunting in
infants and children living in low- and middle-income
countries. Food and Nutrition Bulletin 34 (3), 357–364.
Available at: http://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4643688/.

Kuzawa, C. W.  Fetal origins of developmental plasticity: are
fetal cues reliable predictors of future nutritional
environments? American Journal of Human Biology 17 (1),
5–21. doi: 10.1002/ajhb.20091.

Manzoni, G., Laillou, A., Samnang, C., Hong, R., Wieringa, F. T.,
Berger, J., Poirot, E. & Checchi, F.  Child-sensitive
WASH composite score and the nutritional status in
Cambodian children. Nutrients 11 (9). doi: 10.3390/
nu11092142.

Mbuya, M. N. N. & Humphrey, J. H.  Preventing
environmental enteric dysfunction through improved water,
://iwaponline.com/jwh/article-pdf/18/5/798/773776/jwh0180798.pdf
sanitation and hygiene: an opportunity for stunting reduction
in developing countries. Maternal and Child Nutrition 12,
106–120. doi: 10.1111/mcn.12220.

Medhin, G., Hanlon, C., Dewey, M., Alem, A., Tesfaye, F., Worku,
B., Tomlinson, M. & Prince, M.  Prevalence and
predictors of undernutrition among infants aged six and
twelve months in Butajira, Ethiopia: the P-MaMiE Birth
Cohort. BMC Public Health 10, 27. doi: 10.1186/1471-2458-
10-27.

Members of the WHO Multicentre Growth Reference Study Group
 WHO Child Growth Standards. World Health
Organization, Geneva, Switzerland.

Members of the WHO Multicentre Growth Reference Study
Group  WHO Child Growth Standards. World Health
Organization, Geneva, Switzerland. doi: 10.1016/j.jhydrol.
2009.03.001.

Moeti, T. & Padarath, A.  South African Health Review 2019,
Health Systems Trust. Durban, South Africa. doi: 10.1007/
s13398-014-0173-7.2.

Momberg, D. J., Mahlangu, P., Ngandu, B. C., May, J., Norris, S. A.
& Said-Mohamed, R. a Intersectoral (in)activity: towards
an understanding of public sector department links between
water, sanitation and hygiene (WASH) and childhood
undernutrition in South Africa. Health Policy And Planning
1–13. doi: 10.1093/heapol/czaa028.

Momberg, D. J., Ngandu, B. C., Voth-Gaeddert, L. E., Cardoso-
Ribeiro, K., May, J., Norris, S. A. & Said-Mohamed, R. b
Water, sanitation and hygiene (WASH) in sub-Saharan
Africa and associations with undernutrition, and governance
in children under five years of age: a systematic review.
Journal of Developmental Origins of Health and Disease.
http://dx.doi.org/10.1159/000480486.

Nabwera, H. M., Fulford, A. J., Moore, S. E. & Prentice, A. M. 
Growth faltering in rural Gambian children after four
decades of interventions: a retrospective cohort study. The
Lancet Global Health 5 (2), e208–e216. https://doi.org/10.
1016/S2214-109X(16)30355-2.

Neal, J. W. & Neal, Z. P.  Nested or networked? Future
directions for ecological systems theory. Social Development
22 (4), 722–737. doi: 10.1111/sode.12018.

Nieuwoudt, S., Manderson, L. & Norris, S. A.  Infant feeding
practices in Soweto, South Africa: implications for
healthcare providers. South African Medical Journal 108 (9),
756–762. doi: 10.7196/SAMJ.2018.v108i9.13358.

Norris, S. A., Daar, A., Balasubramanian, D., Byass, P., Kimani-
Murage, E., Macnab, A., Pauw, C., Singhal, A., Yajnik, C.,
Akazili, J., Levitt, N., Maatoug, J., Mkhwanazi, N., Moore, S. E.,
Nyirenda, M., Pulliam, J. R. C., Rochat, T., Said-Mohamed, R.,
Seedat, S., Sobngwi, E., Tomlinson, M., Toska, E. & van
Schalkwyk, C.  Understanding and acting on the
developmental origins of health and disease in Africa would
improve health across generations. Global Health Action
10 (1). Taylor & Francis. doi: 10.1080/16549716.2017.1334985.

Null, C., Stewart, C. P., Pickering, A. J., Dentz, H. N., Arnold, B. F.,
Arnold, C. D., Benjamin-Chung, J., Clasen, T., Dewey, K. G.,

http://dx.doi.org/10.1210/er.2009-0039
http://dx.doi.org/10.1210/er.2009-0039
http://dx.doi.org/10.1016/j.ijheh.2020.113496
http://dx.doi.org/10.1016/j.ijheh.2020.113496
http://dx.doi.org/10.1016/j.ijheh.2020.113496
http://dx.doi.org/10.1093/cid/civ844
http://dx.doi.org/10.1093/cid/civ844
http://dx.doi.org/10.1177/156482651303400308
http://dx.doi.org/10.1177/156482651303400308
http://dx.doi.org/10.1177/156482651303400308
http://dx.doi.org/10.1177/156482651303400308
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4643688/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4643688/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4643688/
http://dx.doi.org/10.1002/ajhb.20091
http://dx.doi.org/10.1002/ajhb.20091
http://dx.doi.org/10.1002/ajhb.20091
http://dx.doi.org/10.3390/nu11092142
http://dx.doi.org/10.3390/nu11092142
http://dx.doi.org/10.3390/nu11092142
http://dx.doi.org/10.1111/mcn.12220
http://dx.doi.org/10.1111/mcn.12220
http://dx.doi.org/10.1111/mcn.12220
http://dx.doi.org/10.1111/mcn.12220
http://dx.doi.org/10.1186/1471-2458-10-27
http://dx.doi.org/10.1186/1471-2458-10-27
http://dx.doi.org/10.1186/1471-2458-10-27
http://dx.doi.org/10.1186/1471-2458-10-27
http://dx.doi.org/10.1016/j.jhydrol.2009.03.001
http://dx.doi.org/10.1016/j.jhydrol.2009.03.001
http://dx.doi.org/10.1093/heapol/czaa028
http://dx.doi.org/10.1093/heapol/czaa028
http://dx.doi.org/10.1093/heapol/czaa028
http://dx.doi.org/10.1093/heapol/czaa028
http://dx.doi.org/10.1159/000480486
http://dx.doi.org/10.1159/000480486
http://dx.doi.org/10.1159/000480486
http://dx.doi.org/10.1016/S2214-109X(16)30355-2
http://dx.doi.org/10.1016/S2214-109X(16)30355-2
http://dx.doi.org/10.1111/sode.12018
http://dx.doi.org/10.1111/sode.12018
http://dx.doi.org/10.7196/SAMJ.2018.v108i9.13358
http://dx.doi.org/10.7196/SAMJ.2018.v108i9.13358
http://dx.doi.org/10.7196/SAMJ.2018.v108i9.13358
http://dx.doi.org/10.1080/16549716.2017.1334985
http://dx.doi.org/10.1080/16549716.2017.1334985
http://dx.doi.org/10.1080/16549716.2017.1334985


818 D. J. Momberg et al. | WASH and childhood growth in Soweto Journal of Water and Health | 18.5 | 2020

Downloaded fr
by guest
on 05 January
Fernald, L. C. H., Hubbard, A. E., Kariger, P., Lin, A., Luby,
S. P., Mertens, A., Njenga, S. M., Nyambane, G., Ram, P. K. &
Colford, J. M.  Effects of water quality, sanitation,
handwashing, and nutritional interventions on diarrhoea and
child growth in rural Kenya: a cluster-randomised controlled
trial. The Lancet Global Health 6 (3), e316–e329. doi:10.1016/
S2214-109X(18)30005-6.

Osgood-Zimmerman, A., Millear, A. I., Stubbs, R. W., Shields, C.,
Pickering, B. V., Earl, L., Graetz, N., Kinyoki, D. K., Ray,
S. E., Bhatt, S., Browne, A. J., Burstein, R., Cameron, E.,
Casey, D. C., Deshpande, A., Fullman, N., Gething, P. W.,
Gibson, H. S., Henry, N. J., Herrero, M., Krause, L. K.,
Letourneau, I. D., Levine, A. J., Liu, P. Y., Longbottom, J.,
Mayala, B. K., Mosser, J. F., Noor, A. M., Pigott, D. M., Piwoz,
E. G., Rao, P., Rawat, R., Reiner, R. C., Smith, D. L., Weiss,
D. J., Wiens, K. E., Mokdad, A. H., Lim, S. S., Murray, C. J. L.,
Kassebaum, N. J. & Hay, S. I.  Mapping child growth
failure in Africa between 2000 and 2015. Nature 555 (7694),
41–47. doi: 10.1038/nature25760.

Padarath, A., King, J., Mackie, E. & Casciola, J.  South African
health review 2016. Health Systems Trust. doi: 10.1007/
s13398-014-0173-7.2.

Parliamentary Monitoring Group  Water & Sanitation: Statistics
SA Analysis; Water & Sanitation Infrastructure: Auditor-
General Performance Audit. Parliamentary Monitoring Group,
Cape Town, South Africa.

Pickering, A., Crider, Y., Sultana, S., Swarthout, J., Goddard, F.,
Anjerul Islam, S., Sen, S., Ayyagari, R. & Luby, S. a Effect
of in-line drinking water chlorination at the point of
collection on child diarrhoea in urban Bangladesh: a double-
blind, cluster-randomised controlled trial. The Lancet Global
Health 7 (9), e1247–e1256. doi: 10.1016/S2214-109X(19)
30315-8.

Pickering, A., Null, C., Winch, P., Mangwadu, G., Arnold, B.,
Prendergast, A., Njenga, S. M., Rahman, M., Ntozini, R.,
Benjamin-Chung, J., Stewart, C. P., Huda, T. M. N., Moulton,
L. H., Colford Jr, J. M., Luby, S. P. & Humphrey, J. b The
WASH benefits and SHINE trials: interpretation of WASH
intervention effects on linear growth and diarrhoea. The
Lancet Global Health 7 (8), e1139–e1146. doi: 10.1016/
S2214-109X(19)30268-2.

Prendergast, A. J., Rukobo, S., Chasekwa, B., Mutasa, K., Ntozini,
R., Mbuya, M. N. N., Jones, A., Moulton, L. H., Stoltzfus, R. J.
& Humphrey, J. H.  Stunting is characterized by chronic
inflammation in Zimbabwean infants. PLoS ONE 9 (2). doi:
10.1371/journal.pone.0086928.

Richard, S. A., Black, R. E., Gilman, R. H., Guerrant, R. L., Kang,
G., Lanata, C. F., Mølbak, K., Rasmussen, Z. A., Bradley
Sack, R., Valentiner-Branth, P. & Checkley, W. for the
Childhood Malnutrition and Infection Network 

Diarrhea in early childhood: short-term association with
weight and long-term association with length. American
Journal of Epidemiology 178 (7), 1129–1138. doi: 10.1093/
aje/kwt094.
om http://iwaponline.com/jwh/article-pdf/18/5/798/773776/jwh0180798.pdf

 2021
Richard, S. A., Black, R. E., Gilman, R. H., Guerrant, R. L., Kang,
G., Lanata, C. F., Mølbak, K., Rasmussen, Z. A., Bradley
Sack, R., Valentiner-Branth, P. & Checkley, W.  Catch-up
growth occurs after diarrhea in early childhood. The Journal
of Nutrition 144 (6), 965–971. doi: 10.3945/jn.113.187161.
experiences.

Rispel, L. & Padarath, A.  South African Health Review 2018.
Durban, South Africa.

Rutstein, S. O. & Johnson, K.  The DHS Wealth Index: DHS
Comparative Reports No. 6. Calverton, Maryland.

Said-Mohamed, R., Micklesfield, L. K., Pettifor, J. M. & Norris, S. A.
 Has the prevalence of stunting in South African children
changed in 40 years? A systematic review. BMC Public Health
15, 534. doi: 10.1186/s12889-015-1844-9.

Said-Mohamed, R., Pettifor, J. M. & Norris, S. A.  Life history
theory hypotheses on child growth: potential implications for
short and long-term child growth, development and health.
American Journal of Physical Anthropology 165 (1), 4–19.
doi: 10.1002/ajpa.23340.

Said-Mohamed, R., Stein, A. D., Pettifor, J. M. & Norris, S. A. 
Sanitation and diarrhoea in infancy and CRP level at 18
years: the birth-to-twenty plus cohort. Annals of Human
Biology 46 (5), 415–424. doi: 10.1080/03014460.2019.
1657496.

StataCorp  Stata Statistical Software: Release 13. StataCorp
LP, College Station, TX.

Statistics South Africa  General Household Survey Series
Volume VIII: Water and Sanitation. Statistics South Africa,
Pretoria, South Africa.

Statistics South Africa a Living Conditions Survey. Pretoria,
South Africa.

Statistics South Africa b South Africa Demographic and
Health Survey 2016: Key Indicators. Pretoria, South Africa/
Rockville, Maryland, USA.

The United Nations Children’s Fund (UNICEF)  United
Nations Children’s Fund (UNICEF) Conceptual Framework,
Adapted from United Nations Children’s Fund (UNICEF),
Strategy for Improved Nutrition of Children and Women in
Developing Countries. New York.

United Nations Joint Monitoring Programme (JMP)  JMP
Green Paper: Global Monitoring of Water, Sanitation and
Hygiene Post-2015.

University of Cape Town  National Income Dynamics Study.
Available at: http://www.nids.uct.ac.za/.

Victora, C. G., Huttly, S. R., Fuchs, S. C. & Olinto, M. T. A. 
The role of conceptual frameworks in epidemiological
analysis: a hierarchical approach. International Journal of
Epidemiology 26 (1), 224–227. doi: 10.1093/ije/26.1.224.

Victora, C. G., De Onis, M., Hallal, P. C., Blössner, M. &
Shrimpton, R.  Worldwide timing of growth faltering:
revisiting implications for interventions. Pediatrics 125 (3).
doi: 10.1542/peds.2009-1519.

Voth-Gaeddert, L. E., Jonah, C., Momberg, D., Ngandu, B., Said-
Mohamed, R., Oerther, D. B. & May, J.  Assessment of

http://dx.doi.org/10.1016/S2214-109X(18)30005-6
http://dx.doi.org/10.1016/S2214-109X(18)30005-6
http://dx.doi.org/10.1016/S2214-109X(18)30005-6
http://dx.doi.org/10.1016/S2214-109X(18)30005-6
http://dx.doi.org/10.1038/nature25760
http://dx.doi.org/10.1038/nature25760
http://dx.doi.org/10.1007/s13398-014-0173-7.2
http://dx.doi.org/10.1007/s13398-014-0173-7.2
http://dx.doi.org/10.1016/S2214-109X(19)30315-8
http://dx.doi.org/10.1016/S2214-109X(19)30315-8
http://dx.doi.org/10.1016/S2214-109X(19)30315-8
http://dx.doi.org/10.1016/S2214-109X(19)30315-8
http://dx.doi.org/10.1016/S2214-109X(19)30268-2
http://dx.doi.org/10.1016/S2214-109X(19)30268-2
http://dx.doi.org/10.1016/S2214-109X(19)30268-2
http://dx.doi.org/10.1371/journal.pone.0086928
http://dx.doi.org/10.1371/journal.pone.0086928
http://dx.doi.org/10.1093/aje/kwt094
http://dx.doi.org/10.1093/aje/kwt094
http://dx.doi.org/10.3945/jn.113.187161
http://dx.doi.org/10.3945/jn.113.187161
http://dx.doi.org/10.1186/s12889-015-1844-9
http://dx.doi.org/10.1186/s12889-015-1844-9
http://dx.doi.org/10.1002/ajpa.23340
http://dx.doi.org/10.1002/ajpa.23340
http://dx.doi.org/10.1002/ajpa.23340
http://dx.doi.org/10.1080/03014460.2019.1657496
http://dx.doi.org/10.1080/03014460.2019.1657496
http://www.nids.uct.ac.za/
http://www.nids.uct.ac.za/
http://dx.doi.org/10.1093/ije/26.1.224
http://dx.doi.org/10.1093/ije/26.1.224
http://dx.doi.org/10.1542/peds.2009-1519
http://dx.doi.org/10.1542/peds.2009-1519
http://dx.doi.org/10.1016/j.watres.2019.115244


819 D. J. Momberg et al. | WASH and childhood growth in Soweto Journal of Water and Health | 18.5 | 2020

Downloaded from http
by guest
on 05 January 2021
environmental exposure factors on child diarrhea and
systemic inflammation in the Eastern Cape. Water Research
169. doi: 10.1016/j.watres.2019.115244.

Vyas, S. & Kumaranayake, L.  Constructing socio-economic
status indices: how to use principal components analysis.
Health Policy and Planning 21 (6), 459–468. doi: 10.1093/
heapol/czl029.

Webb, A. L., Stein, A. D., Ramakrishnan, U., Hertzberg, V. S. &
Urizar, M.  A simple index to measure hygiene
behaviours. International Journal of Epidemiology 35 (6),
1469–1477. doi: 10.1093/ije/dyl165.

WHO/UNICEF  Core Questions on Drinking-Water, World
Health Organization, Geneva, p. 25.
://iwaponline.com/jwh/article-pdf/18/5/798/773776/jwh0180798.pdf
WHO/UNICEF Joint Monitoring Programme (JMP)  WASH
Post-2015.

World Health Organization  Indicators for Assessing Infant and
YoungChild Feeding Practices: Part 1Definitions.WorldHealth
Organization, Geneva, Switzerland.

World Health Organization  Indicators for Assessing Infant
and Young Child Feeding Practices: Part 2 Measurement.
World Health Organization, Geneva, Switzerland.

World Health Organization  Global Analysis and Assessment
of Sanitation and Drinking-Water (GLAAS). Available at:
http://www.who.int/water_sanitation_health/monitoring/
investments/glaas/en/.

World Health Organization  WHO Anthro Survey Analyser.
First received 16 April 2020; accepted in revised form 30 July 2020. Available online 21 September 2020

http://dx.doi.org/10.1016/j.watres.2019.115244
http://dx.doi.org/10.1016/j.watres.2019.115244
http://dx.doi.org/10.1093/heapol/czl029
http://dx.doi.org/10.1093/heapol/czl029
http://dx.doi.org/10.1093/ije/dyl165
http://dx.doi.org/10.1093/ije/dyl165
http://www.who.int/water_sanitation_health/monitoring/investments/glaas/en/
http://www.who.int/water_sanitation_health/monitoring/investments/glaas/en/
http://www.who.int/water_sanitation_health/monitoring/investments/glaas/en/

	Water, sanitation, and hygiene (WASH) factors associated with growth between birth and 1 year of age in children in Soweto, South Africa: results from the Soweto Baby WASH study
	INTRODUCTION
	METHODS
	Study design and setting
	Ethical considerations
	Participants
	Outcome variables
	Infant growth

	Exposure variables
	Water, sanitation, and hygiene

	Covariates
	Maternal anthropometry
	Morbidity and illness
	Infant feeding practices
	Household socio-economic status and demographics

	Sample size
	Statistical analyses

	RESULTS
	DISCUSSION
	CONCLUSION
	The support of the DSI-NRF Centre of Excellence in Human Development (Grant Number: ACC2017007), DSI-NRF Centre of Excellence in Food Security (Grant Number: 160502), and SAMRC/Wits Developmental Pathways for Health Research Unit, towards this research is hereby acknowledged. Opinions expressed and conclusions arrived at are those of the authors and not necessarily to be attributed to the CoE in Human Development, CoE in Food Security or the SAMRC/Wits Developmental Pathways for Health Research Unit. We would like to acknowledge and thank all the participants who were involved in the study.
	DATA AVAILABILITY STATEMENT
	REFERENCES


