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Background. Water, sanitation and hygiene are critically important in reducing morbidity and mortality from childhood diarrhoeal
disease and malnutrition in low-income settings.

Objectives. To assess the association of diarrhoeal disease with factors relating to domestic hygiene, the environment, sociodemographic
status and anthropometry in children <2 years of age.

Methods. This was a case-control study conducted in a periurban community 35 km from the centre of Cape Town, South Africa. The
study included 100 children with diarrhoeal disease and 100 age-matched controls without diarrhoea, who were recruited at primary
healthcare clinics. Sociodemographic status, environmental factors and domestic hygiene were assessed using a structured questionnaire;
anthropometry was assessed using the World Health Organization’s child growth standards. Univariate and multivariate logistic regression
analyses were performed to identify the factors associated with diarrhoea.

Results. The results of the univariate logistic regression showed significant susceptibility to diarrhoea in study cases compared with
controls when the caregiver was >25 years old (odds ratio (OR) 1.82; 95% confidence interval (CI) 1.02 - 3.23; p=0.042); when children
were in day care or cared for by a family member or a relative than when cared for by their mother (OR 1.97; 95% CI 1.06 - 3.65; p=0.032);
and when the mothers were employed rather than at home (OR 2.23; 95% CI 1.21 - 4.12; p=0.01). Multivariate logistic regression analysis
was used to identify predictors of diarrhoea, which entailed relaxing the inclusion criteria for the univariate analysis variables (p<0.25).
The predictors significantly associated with diarrhoea were household problems relating to rat infestation (OR 2.44; 95% CI 1.13 - 5.28;
p=0.027); maternal employment (OR 2.47; 95% CI 1.28 - 4.76; p=0.007); and children in day care or cared for by a relative (OR 2.34; 95%
CI 1.21 - 4.54; p=0.01). Significantly more of the mothers who were employed than those who were unemployed had children in day care
or cared for by a relative.

Conclusion. Practices relating to employment, childcare and the domestic environment were significant predictors of diarrhoea. Effective
policy implementation on water, sanitation and domestic hygiene could prevent diarrhoeal disease and reduce its impact on children’s
growth, especially during the annual diarrhoeal surge season in this and similar periurban communities.
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The third sustainable development goal (SDG) aims to ensure
healthy lives and promote wellbeing at all ages. This entails ending
preventable neonatal and child deaths and achieving a neonatal
and under-5 mortality rate of 12 and 25 per 1 000 live births,
respectively, by 2030." In South Africa (SA), progress has been
made in reducing the under-5 mortality rate (USMR) from 79 to 32
per 1 000 live births between 2004 and 2017.” While the reduction
in HIV-related deaths has made a major contribution to decreasing
the USMR, there is a need to build on these gains through the
prevention and appropriate management of the other causes of
child mortality.

Nationally, diarrhoeal disease is the third main cause of death,
accounting for 16% of under-5 deaths; the first national burden of
disease study found that it accounted for 8.8% of disability-adjusted
life years (DALYS)." According to the South Africa Demographic
Health Survey of 2016,"! the prevalence of diarrhoea nationally is
estimated at 10% in children under 5 years old, the peak age being
6 - 23 months, which is consistent with that in previous studies.>®
In Western Cape Province, there is a lower prevalence of diarrhoea
(5%) in children under 5 years than nationally.
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Poverty in association with the lack of access to safe drinking
water, improved sanitation and good hygiene practices (WASH)
contributes to the high prevalence of and mortality from childhood
diarrhoea.” Children in such environments are exposed to faecal-oral
transmission of pathogens through contaminated water, hands, flies,
soil and food, as outlined in the F-diagram (Fig. 1).**! Nationally, it
is estimated that 30% of children do not have access to piped water
in the home and 18% do not have access to improved sanitation.®
The United Nations Children’s Fund (UNICEF) conceptual
framework outlines unhealthy environments, with lack of access to
WASH as an underlying cause of malnutrition in children through
recurrent diarrhoea, parasite infections and environmental enteric
dysfunction (EED)." The relationship between diarrhoea and
malnutrition is bidirectional: diarrhoea leads to malnutrition from
reduced dietary intake, intestinal malabsorption and increased
metabolism; and malnutrition through reduced immunity and
increased susceptibility to enteric infection leads to severe and
prolonged diarrhoea.""! EED is a subclinical condition experienced
by children living in unsanitary environments with high exposure
to faecal pathogens. Chronic ingestion of these pathogens leads
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Fig. 1. F-diagram, showing faecal-oral transmission of enteropathogens in diarrhoea. (From Bourne et al.,/¥!

with permission; adapted from Wagner and Lanoix.!”!)

to T-cell-mediated intestinal changes,
including villous atrophy, crypt hyperplasia,
inflammation and increased permeability.
The last change facilitates microbial
translocation, which triggers an immune
response and metabolic changes. It is
proposed that these changes, malabsorption
and a reduced dietary intake contribute to
stunting in childhood.!?!

In reducing the impact of diarrhoea
and EED on children’s linear growth, the
implementation of WASH interventions
is critical. The impact of interventions
such as water chlorination, sanitation,
handwashing with soap along with infant
and young child feeding (IYCF) was
recently assessed in the WASH benefits
and SHINE trials in Bangladesh, Kenya
and Zimbabwe. The WASH interventions
were found to have no effect on linear
growth and when provided with IYCF
had no additional benefit compared with
IYCF alone.™ This finding was mainly
attributed to high enteropathogenic
exposure from environmental faecal
contamination, despite the implementation
of the abovementioned interventions.
The trials also showed that there were
reductions in diarrhoeal disease through
handwashing and point-of-use water
treatment when there was frequent contact
between health promoters and participants,
which is consistent with studies where
these interventions have been effective at
the household level.

In poor environments where there is a high
exposure of children to faecal pathogens,
the provision of safe water and improved
sanitation alone cannot prevent diarrhoeal
disease. In these settings, hygiene practices
are critically important in preventing faecal
contamination of the home environment,
reducing diarrhoeal disease and EED, and
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its impact on children’s growth. A reduction
in diarrhoea has been noted in randomised
controlled trials on handwashing with soap
and fly control; in observational studies of
the safe disposal of human faeces, animal
faeces and waste; and in studies relating to
safe food preparation and storage.!*

The current study aimed to determine
the multiple risk factors associated with
diarrhoea in children living in a low-income
community with limited access to safe
water and improved sanitation and where
domestic hygiene practices were not known.
It was envisaged that the identification of risk
factors could inform interventions to prevent
diarrhoea, especially during the annual
diarrhoeal surge season. The objectives
of the study were to assess the association
of diarrhoea with domestic hygiene,
environmental factors, sociodemographic
status, feeding and anthropometry in children
<2 years of age.

Methods

Study site

The study was performed over 6 months in
the Khayelitsha subdistrict - Cape Towns
largest township, situated ~35 km from the
central business district (CBD). In 2013, the
population, which is predominantly black
African (99%), was estimated to be 391 748.
Of the almost 120 000 households, 45%
lived in formal dwellings, i.e. free-standing
houses, flats, town or cluster houses
constructed from bricks;™ 55% lived in
informal dwellings, i.e. shacks, some within
backyards, and built from iron, wood and
other non-durable materials; 62% had access
to piped water, either in the dwelling or
yard; 72% had access to flush toilets; 81%
had their refuse removed weekly; and 81%
used electricity.!"®

Study design, sampling and
participants

This was a case-control study of children
<2 years old with diarrhoea (cases) and
without diarrhoea (controls). Cases and
controls were selected at four primary
healthcare clinics and a community
healthcare centre located in different areas
of the subdistrict. Using Epi Info statistical
software (CDC, USA), a sample size of 200
(100 cases and 100 controls) was calculated
to detect an odds ratio (OR) of 2.4, 80%
power, 95% confidence interval (CI),
assuming exposure of 30% in the controls
and 50% in the cases."” An average of
3 cases and 3 controls was purposively
selected each day during the study period.
A case was defined as a child <2 years of age,
living in the subdistrict and who attended
the health facility with acute diarrhoea,
with or without dehydration; it included the
passing of >3 loose or watery stools per day."®!
Controls were healthy children attending
the health facility for immunisations or
minor injuries. Children who were HIV
positive based on the HIV DNA polymerase
chain reaction (PCR) test at 6 weeks of age,
and those who were HIV exposed, were
excluded from the study. Controls who had
diarrhoea within 1 month before visiting the
health facility were excluded.

Variables assessed and data
collection

The exposure variables assessed in cases and
controls included: (i) sociodemographic
variables - child’s age, gender; caregiver’s age,
marital status, educational level, employment
status; household income; household
size; type of house and number of rooms;
household energy source; (ii) environmental
variables - location of taps and water
storage; type of toilet; waste storage and
removal; (iii) domestic hygiene variables -
household washing facilities; surface cleaning
(e.g. tables and floors); handwashing with
soap and water; presence of household
insects and rodents; food preparation
and child feeding; (iv) child feeding and
anthropometric variables - child feeding,
including exclusive breastfeeding, formula
feeding and complementary feeding.
Exclusive breastfeeding included breastmilk
only with no liquids or solids, except for
vitamins, minerals and medication;
supplementary feeding included formula
or breastmilk substitutes in addition to
breastmilk; complementary feeding included
solid or semi-solid food in addition to
breastmilk. Anthropometric measurements
included weight-for-age, length-for-age and
weight-for-length. A trained field worker
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administered a structured questionnaire in both English and isiXhosa
to caregivers. A pilot study was done prior to the main study and
modifications were made to the questionnaire to ensure clarity
and consistency of questions. All questionnaires were checked for
corrections and completion after the interview by the researcher, who
was a master’s student.

In assessing the children’s anthropometry, a Seca 354 electronic
baby scale (Seca, USA) was used to measure weight to the nearest
0.1 kg. The accuracy of the weighing scales was checked daily against
known weights. The child was weighed twice to ensure reliability.
The length of the child was measured using a Seca 210 mobile
measuring mat to the nearest 0.1 cm. The Seca 212 measuring tape
was used to measure the head circumference of the child to the
nearest 0.1 cm. All the anthropometric measurements were done by
the researcher.

Data analysis

Data from completed questionnaires were entered into Excel
(Microsoft Corp., USA). These data were checked for accuracy
and consistency. Statistical analyses were performed using Stata 16
(StataCorp., USA).!""! Frequencies and cross tabulations were used
to check for missing values. Univariate logistic regression analysis
was done by comparing the outcome variable (diarrhoea) with
each independent variable relating to sociodemographic status,
environmental factors, domestic hygiene and children’s feeding
and anthropometry. The results were reported as ORs, 95% Cls
and p-values. Variables with p<0.25 by univariate analyses were
selected as predictors for inclusion in a stepwise multivariate
logistic regression model. The set of possible predictors was then
determined from the final logistic regression model to obtain
the ORs, 95% Cls and p-values. A p-value <0.05 was regarded as
statistically significant.

Analysis of children’s anthropometry

The anthropometric results were obtained using WHO Anthro v3.2.2
of the World Health Organization’s child growth standards. These
results were copied to Stata 16 for further analysis. The z-scores for
weight-for-age (WAZ), length-for-age (LAZ) and weight-for-height
(WHZ) were categorised using the cut-off points <-2 standard
deviation (SD) and >-2 SD; for overweight a cut-off of WHZ >+2 SD
was selected.

Ethical approval

Ethical approval for the study was obtained from the Human
Research Ethics Committee, Faculty of Health Sciences, University
of Cape Town (ref. no. 104/2012) and the Department of Health,
City of Cape Town (ref. no. 10294). The researcher and field worker
explained the purpose of the research to each participant and a
consent form was issued for each of them to sign. Confidentiality
was maintained during the interview.

Results

The total study sample comprised 200 caregiver-infant pairs (100
cases and 100 controls). All 200 caregiver-infant pairs were included
as participants, using the structured interview questionnaire.

Association between sociodemographic status and
diarrhoea

The proportion of children in the case and control groups was
similar in terms of age and gender (Table 1). The proportion of
caregivers in the two groups was similar with regard to gender,
education, marital status and income. The results of the univariate
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logistic regression showed significant susceptibility to diarrhoea
in cases compared with controls when the caregiver was >25 years
old (OR 1.82; 95% CI 1.02 - 3.23; p=0.042); when children were
in day care or cared for by a family member or relative and not by
their mothers (OR 1.97; 95% CI 1.06 - 3.65; p=0.032); and when
the mothers were employed rather than at home (OR 2.23; 95% CI
1.21 - 4.12; p=0.01).

Association between diarrhoea and children’s
environment

Of the cases and controls, 41% and 30%, respectively, had taps
inside the house, while the remainder had access to outside taps
and stored water in containers (Table 2); 93% and 85% had flush
toilets, while 7% and 15% used a bucket or septic toilet, respectively.
Of cases and controls with flush toilets, 36% and 26%, respectively,
were located inside the house. Of the cases and controls, 56% and
55% used closed bins, while 44% and 45% used municipal or plastic
bags to store waste, respectively. In 56% and 55% of the case and
control caregivers, respectively, there was weekly municipal waste
removal, while the remainder carried plastic bags to the municipal
community waste storage weekly. Caregivers in the case and control
groups reported problems in their homes with rats (80% v. 73%),
flies (56% v. 51%), fleas (55% v. 58%) and cockroaches (22% v. 27%).
The univariate logistic regression analyses showed no significant
associations between diarrhoea and any of the environmental
variables in the two groups.

Association between domestic hygiene and diarrhoea
Of the caregivers in the case and control groups, >70% reported
handwashing >6 times in the previous 24 hours (Table 2).
Handwashing by caregivers in both groups was >90% after using
the toilet and changing the baby’s nappy; >80% before feeding the
baby; >60% before eating; and almost 40% or more before cooking.
Of the case and control groups, 36% and 27%, respectively, used a
kitchen sink inside the house to wash utensils, while 64% and 73%,
respectively, washed kitchen utensils in a container. The results of
the univariate logistic regression analysis did not show a significant
relationship between diarrhoea and the self-reported domestic
hygiene behaviour variables.

Association between diarrhoea and child feeding and
anthropometry

Of the case and control groups, 12% in each of the groups
were exclusively breastfed; 16% and 19% were exclusively formula
fed; 52% and 44% were mixed fed; and 20% and 25% were
given complementary feeds, respectively. Of the caregivers in the
case and control groups, 95% and 89%, respectively, fed their
babies immediately after preparation of feeds and 98% and 92%,
respectively, stored formula milk not consumed in a refrigerator.
The univariate logistic regression results did not show significant
relationships between diarrhoea and type of feeding, formula milk
preparation and refrigeration of left-over formula milk.

Of the cases and controls, 1% and 5% were underweight; 12% and
27% were stunted; 4% and 0% were wasted; and 28% and 32% were
overweight, respectively (Table 2). Stunting was significantly higher
in controls than cases (x’=6.2; p=0.012). The univariate logistic
regression analysis showed that a LAZ <-2 SD was associated with
a significantly lower risk of diarrhoea (OR 0.37; 95% CI 0.17 - 0.78;
p=0.009).

Variables with p<0.25, and included as predictors in a multivariate
logistic regression model, included caregiver’s age, mother’s
employment, childcare during the day, location of taps inside or
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Table 1. Univariate logistic analysis of sociodemographic variables associated with diarrhoea

Unadjusted univariate

Variable Cases (n=100), % Controls (n=100), % OR 95% CI p-value
Age of child, months

0-12 60 62 0.92 0.52 - 1.62 0.772

13-24 40 38 1.00
Gender

Male 49 49 1.00

Female 51 51 1.00 0.57 - 1.74 1.000
Age of respondent, years

16 - 24 31 45 1.00

=225 69 55 1.82 1.02 - 3.23 0.042
Childcare during the day

Mother 63 77 1.00

Family/relative/day care 37 23 1.97 1.06 - 3.65 0.032
Sex of respondent

Male 6 2 1.00

Female 94 98 0.39 0.73 - 2.05 0.264
Relationship with child

Mother 90 92 1.00

Caregiver 10 8 1.28 0.48 - 3.38 0.622
Education

Grade 1-7 3 5 1.00

Grade 8 and above 97 95 1.70 0.40 - 7.32 0.475
Marital status

Married/couple 35 34 1.00

Single/divorced/widow 65 66 0.96 0.53 - 1.71 0.882
Employment

Unemployed 60 77 1.00

Employed 40 23 2.23 1.21-4.12 0.010
Income*

<ZAR2 000 22 19 1.00

>7AR2 001 76 80 0.82 0.41 - 1.63 0.574
People in house, 7

<5 76 65 1.00

=6 24 35 0.59 0.32 - 1.09 0.090
Children <5 years, n

1 68 55 1.00

22 32 45 0.58 0.32 - 1.02 0.060
House type

Formal 44 38 1.00

Shack 56 62 0.78 0.44 - 1.37 0.389
Kitchen placement

Kitchen separate 45 52 1.00

Kitchen not separate 55 48 1.32 0.76 - 2.31 0.322
Rooms, n

lor2 58 59 1.00

>3 42 41 1.04 0.59 - 1.83 0.886
Energy for cooking

Electricity 86 89 1.00

Other 14 11 1.32 0.57 - 3.06 0.522

OR = odds ratio; CI = confidence interval.
*Unknown values: 2 cases, 1 control.

outside the house, type of toilet, pests in the house (rats), number of ~ Logistic regression model of factors associated with
people living in the house, number of children <5 years old, washing ~ diarrhoea

of dishes in a kitchen sink or container, and using the same cloth for ~ The final multivariate regression model revealed a significant
washing dishes and for cleaning surfaces. association with diarrhoea when the mother was employed (OR
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Table 2. Univariate logistic analysis of environmental, domestic hygiene, feeding and anthropometric variables associated with diarrhoea

Unadjusted univariate

Variables Cases (n=100), % Controls (n=100), % OR 95% CI p-value
Environmental
Tap location

Inside house 41 30 1.00

Outside house/yard 59 70 0.62 0.34-1.11 0.105
Toilet type

Flush 93 85 1.00

Other 7 15 0.43 0.17 - 1.10 0.077
Toilet location

Inside house 36 26 1.00

Outside house 64 74 0.62 0.34-1.14 0.128
Toilet user, n

<10 60 55 1.00

=10 40 45 0.81 0.46 - 1.43 0.475
Waste storage

Closed bin 56 55 1.00

Plastics 44 45 0.96 0.55-1.68 0.887
Domestic hygiene
Cleaning floors

Not cleaned with water and soap 9 16 1.00

Mop floor with water and soap 91 84 1.93 0.81 - 4.59 0.139
Pests in the house

Rats 80 73 1.48 0.77 - 2.86 0.244

Flies 56 51 1.22 0.70 - 2.13 0.479

Fleas 55 58 0.89 0.51-1.55 0.669

Cockroaches 22 27 0.76 0.40 - 1.46 0.412
Handwashing, number of times

<5 26 29 1.00

=6 74 71 1.16 0.62 - 2.16 0.635
Handwashing, when

After using toilet 93 93 1.00 0.34 - 2.96 1.000

After changing nappy 93 93 1.00 0.34-2.96 1.000

Before cooking 38 45 0.75 0.43 - 1.32 0.316

Before eating 63 60 1.14 0.64 - 2.01 0.663

Before feeding 84 83 1.08 0.51-2.27 0.849
Washing of dishes with cloth for cleaning tables

Yes 93 86 1.00

No 7 14 0.46 0.18-1.21 0.113
Place for washing dishes

Sink inside house 36 27 1.00

Container 64 73 0.66 0.36 - 1.21 0.172
Feeding and anthropometry
Person cooking for child at home

Mother 91 89 1.00

Other 9 11 0.80 0.32 - 2.02 0.638
Child breastfed

Yes 84 81 1.00

No 16 19 0.81 0.39 - 1.69 0.577
Child-feeding*

Formula-feeding from birth 16 19 1.00

Supplementary feeding <1 month 52 44 1.40 0.65 - 3.05 0.393

Complementary feeding >6 months 20 25 0.95 0.39 - 2.31 0.910
Weight-for-age, SD

<-2 (underweight) 1 5 0.19 0.02 - 1.67 0.135

-2to>+2 99 95 1.00

...continued

162

SAJCH SEPTEMBER 2022 Vol.16 No.3



RESEARCH ARTICLE

Table 2. (continued) Univariate logistic analysis of environmental, domestic hygiene, feeding and anthropometric variables associated

with diarrhoea
Unadjusted univariate
Variables Cases (n=100), % Controls (n=100), % OR 95% CI p-value
Length-for-age, SD
<-2 (stunted) 12 27 0.37 0.17 - 0.78 0.009
-2 to >+2 88 73 1.00
Weight-for-length, SD
>+2 (overweight) 28 32 0.88 0.48 - 1.61 0.667
-2 to +2 (normal) 68 68 1.00

OR = odds ratio; CI = confidence interval; SD = standard deviation.
*Unknown values: 12 cases, 12 controls.
"Unknown values: 4 cases.

2.47;95% CI 1.28 - 4.76; p=0.007) (Table 3). Significantly more of the
respondents who were employed than those who were unemployed
had children in day care or cared for by a relative (n=48/63 (76.2%) v.
n=12/137 (8.8%); p=0.00). As these two variables were confounders,
they could not be used simultaneously in the same model. When
assessed independently in the model, there was a significant association
with diarrhoea when children were in day care or if cared for by a
family member (OR 2.34; 95% CI 1.21 - 4.54; p=0.01). There was a
significant association with diarrhoea with rats in the house (OR 2.44;
95% CI 1.13 - 5.28; p=0.023) (Table 3). There was a significantly lower
association with diarrhoea in households with >6 people (OR 0.45;
95% CI 0.22 - 0.91; p=0.027); in households using a toilet outside the
house (OR 0.39; 95% CI 0.19 - 0.83; p=0.015); and in a LAZ <-2 SD
(OR 0.36; 95% CI 0.16 - 0.78; p=0.01).

Discussion

WASH is critically important in reducing morbidity and mortality
from diarrhoeal disease in low-income countries.””) Most of the
cases and controls in the current study had access to piped water,
either inside or outside the house, and close to 90% had flush toilets.
Access to an on-plot water supply probably facilitated handwashing,
which was practised by >90% in both groups after using the toilet
and changing nappies and by >80% before feeding. However, this
study showed that there were significant predictors of diarrhoea
relating to sociodemographic factors and domestic hygiene practices
among the cases compared with controls.

Children had a significantly higher risk of diarrhoea when the
mother was employed than when she was at home and caring for the
child. This finding is consistent with that in a study on risk factors
for diarrhoea in children from slum and non-slum areas in Dhaka,
Bangladesh.?" Children living in slum areas characterised by informal
housing, limited access to safe water, sharing of toilets and whose
mothers were employed had a significantly greater risk of diarrhoea
than those from non-slum areas. The reason for this was that income-
earning mothers from slum areas had less time for childcare, which
together with the unsanitary environmental conditions contributed to
a higher rate of diarrhoeal disease in their children.

In our study, there was a significantly higher risk of diarrhoea in
the children whose mothers were employed and who were in day
care or cared for by a family member. This finding is supported
by the results of a case-control study of diarrhoea among children
<3 years old in the USA, who were attending day care centres,
receiving childcare within a home, or cared for by their caregivers.
Children attending day care centres or receiving home care by
another individual had significantly more episodes of diarrhoea
than when they were cared for by their own caregivers.??’ The
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Table 3. Final logistic regression of factors significantly

associated with diarrhoea
Risk factor OR 95% CI  p-value
Employment status

Unemployed 1.00

Employed 2.47 1.28 -4.76 0.007
Problem with rats

No problem with rats 1.00

Problem with rats in house ~ 2.44 1.13-5.28 0.023
People in house, n

<6 1.00

>6 0.45 0.22-0.91 0.027
Location of toilet

Inside house 1.00

Outside house 0.39 0.19-0.83 0.015
Length-for-age, SD

Normal >-2 1.00

Stunted <-2 0.36 0.16-0.78 0.010

OR = odds ratio; CI = confidence interval; SD = standard deviation.

higher rates of diarrhoea in children attending day care centres
or receiving childcare in homes relate to the excretion of enteric
pathogens by non-toilet trained children <2 years of age, who may
be asymptomatic. Transmission of pathogens to other children,
personnel, toys and fomites was facilitated by close contact, and in
the absence of infection control measures, outbreaks of diarrhoea
occurred in these centres.!

A high proportion of cases and controls (80% v. 73%) reported
household problems with rats, which was associated with a significantly
higher risk of diarrhoea. The extent of the problem is consistent with
that in a recent study on diarrhoea in children under 5 years old
living in informal and formal settlements in Cape Town. A study
undertaken in rural Kenya on animal-related exposures to diarrhoea
showed an increased risk of moderate to severe diarrhoea in children
exposed to rodent excreta (urine and faeces) outside the house.?!
Exposure of children to rat excreta can result in diarrhoeal disease
from Salmonella typhimurium, Escherichia coli and Cryptosporidium
parvum. The study identified diarrhoeal pathogens in the faeces of
domestic animals and found that children exposed to poultry and
sheep were at a higher risk of diarrhoea, and that handwashing was
protective after animal exposure.

Using an outside toilet by the children in our study was found to
be protective against diarrhoeal disease. This finding was similarly
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found in a recent study in Cape Town, where a higher prevalence
of diarrhoea occurred in children from formal settlements with
access to private toilets and piped water compared with informal
settlements with access to shared outside toilets and taps.?*! Despite
a high number of households sharing the same toilet facility, there
was a significantly lower risk of diarrhoea in the study participants.
The reason for the lower risk of diarrhoea with the use of shared
toilet facilities is not clear and requires further investigation. This is
contrary to the findings of another study that showed a decrease in
the quality of sanitation facilities with an increase in household use.

An interesting finding was that households with >6 members
were protected against diarrhoea. A study in Uganda showed that in
households with 10 - 15 people there were 7 times greater odds of
diarrhoea than in households with fewer people.”” In our study, most
of the case and control households had <5 people, with only 4 cases
and 3 controls having >10 household members, which could explain
the relative protective effect against diarrhoea in larger households.

In terms of the cases and controls, no significant differences were
noted in acute malnutrition or wasting; stunting was significantly
higher in the controls, which probably contributed to it showing
a protective effect in relation to diarrhoea. The reasons for the
higher stunting levels in the controls are not clear and the lower
risk of diarrhoea in stunted children needs to be interpreted with
caution, as previous studies have shown an association between
diarrhoea and malnutrition. In a pooled analysis of 9 longitudinal
studies on diarrhoea and growth, it was shown that 25% of stunting
at 24 months could be attributed to >5 diarrhoeal episodes within
the first 2 years of life.?! A study undertaken in Peru found that,
while diarrhoea could explain 16% of stunting, the lack of access
to improved water and sanitation could explain 40% of stunting. In
terms of the latter finding, environmental enteric dysfunction was
proposed as the mediating factor between poor WASH conditions
and impaired linear growth.

As outlined in the UNICEF conceptual framework, reductions in
stunting require improvements in WASH interventions, underpinned
by effective governance of resources and services."! A recent
systematic review found no studies or evidence linking governance,
WASH and children’s nutritional status from sub-Saharan Africa.”!
Inadequate governance relating to WASH in terms of stakeholders,
managerial capacity, financial resources, and administration could
limit achieving the SDG 6. The authors recommend integrating
evidence-based information on children’s nutritional status, WASH
and governance into relevant policies. The implementation of these
policies at a local level could ensure the effective delivery of WASH
programmes, including environmental control and the counselling
and education of caregivers on domestic hygiene.

Study limitations

The selection of an appropriate comparison group, as in other case-
control studies, was difficult. The controls were matched to cases by
age and gender. There could have been the potential for selection
bias and as this is less of a problem in population-based case-control
studies, neighbourhood rather than clinic controls may have been a
preferable choice.

Conclusion

Practices relating to employment, childcare and the domestic
environment were significant predictors of diarrhoea. Effective
policy implementation on water, sanitation and domestic hygiene
could prevent diarrhoeal disease and reduce its impact on children’s
growth, especially during the annual diarrhoeal surge season in this
and similar periurban communities.
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