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Abstract

Background: In South Africa, there are limited data on the burden of diarrhoea at a community level, specifically in
older children and adults. This community survey estimated rates of and factors associated with diarrhoea across all
ages and determined the proportion of cases presenting to healthcare facilities.

Methods: Households were enrolled from an existing urban health and demographic surveillance site. A household
representative was interviewed to determine associated factors and occurrence of diarrhoea in the household, for
all household members, in the past 2 weeks (including symptoms and health seeking behaviour). Diarrhoeal rate of
any severity was calculated for < 5 years, 5–15 years and > 15 years age groups. Factors associated with diarrhoea
and health seeking behaviour were investigated using binomial logistic regression.

Results: Diarrhoeal rate among respondents (2.5 episodes/person-year (95% CI, 1.8–3.5)) was significantly higher
than for other household members (1.0 episodes/person-year (95% CI, 0.8–1.4); IRR = 2.4 (95% CI, 1.5–3.7) p < 0.001).
Diarrhoeal rates were similar between age groups, however younger children (< 5 years) were more likely to
present to healthcare facilities than adults (OR = 5.9 (95% CI, 1.1–31.4), p = 0.039). Oral rehydration solution was used
in 44.8% of cases. Having a child between 5 and 15 years in the household was associated with diarrhoea (OR = 2.3
(95% CI, 1.3–3.9), p = 0.003) and, while 26.4% of cases sought healthcare, only 4.6% were hospitalised and only 3.4%
of cases had a stool specimen collected. While the majority of cases were mild, 13.8% of cases felt they required
healthcare but were unable to access it.

Conclusion: Diarrhoeal rate was high across all age groups in this community; however, older children and adults
were less likely to present to healthcare, and are therefore underrepresented through facility-based clinical
surveillance. Current diarrhoeal surveillance represents a fraction of the overall cases occurring in the community.
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Summary of article’s main point
This study estimated diarrhoeal rate at a community
level across all age groups in an urban township in
South Africa. Factors associated with diarrhoea in the
household, the proportion of cases presenting to healthcare,
and factors associated with health seeking were determined.

Background
Although progress has been made towards improving
water and sanitation globally, diarrhoea has remained in
the top 10 causes of mortality and morbidity among all
ages [1, 2]. In 2016, diarrhoea was the eighth leading
cause of death among all ages (1,655,944 deaths) and the
fifth leading cause of death among children under 5
years of age (446,000 deaths) [1]. Nutritional wasting in
young children, unsafe water and poor sanitation were
the leading factors associated with diarrhoeal morbidity
and mortality [1, 3]. Overall, global childhood diarrhoeal
diseases have decreased in the past 10 years, largely due
to improved maternal education, access to rotavirus vac-
cination, and improvement of child growth due to better
nutrition [1]. However, this decrease has not been
uniform across age groups or across settings. Focussed
attention on older populations (where there are large
knowledge gaps in terms of aetiology and epidemiology)
[1, 4] and low-income settings (which still bear the brunt
of the burden of disease) [1] is required. Estimates show
that the vast majority of global diarrhoeal deaths occur
in south Asia and sub-Saharan Africa [1, 5].
Diarrhoeal pathogens are commonly transmitted

through the faecal-oral route, due to poor hygiene and
sanitation [6], and through ingestion of contaminated
food and water, aided by poor food safety practices [7].
Diarrhoeal morbidity is therefore largely preventable
through improved access to safe water and sanitation
and by ensuring communities are well educated on good
handwashing and safe food preparation practices. The
WHO has defined five keys to safer food in order to
simplify the messaging behind food safety [8]. Diarrhoeal
deaths are also largely preventable if dehydration is
properly managed [9]. Dehydration can be prevented
through a simple, homemade, sugar and salt solution or
oral rehydration solution (ORS) as recommended by the
WHO [10, 11]. ORS is estimated to reduce diarrhoeal
mortality by up to 93% at a healthcare level, although
less is known about its impact and use at a community
level [9]. Many of the interventions required to reduce
diarrhoeal mortality and morbidity are relatively simple
and can be addressed through community education.
Diarrhoea is therefore one of the most tangible targets
for reducing mortality and morbidity from preventable
diseases.
Current diarrhoeal surveillance studies being con-

ducted at several hospitals throughout South Africa

enrol patients of all ages hospitalised for acute, moderate
to severe diarrhoea. However, cases enrolled in these
studies represent only a fraction of diarrhoea in the
community and are biased towards people with better
access to healthcare services. It is also important to
understand the healthcare utilization patterns in the
community when interpreting the data from hospital
surveillance studies. This cross-sectional, questionnaire-
based, community survey was undertaken to estimate
the rate of and factors associated with diarrhoea in the
community across all age groups in Soweto, South
Africa and to determine the proportion of cases present-
ing to healthcare facilities. Secondary objectives were to
investigate ORS knowledge and barriers to accessing
healthcare in this community.

Methods
Study area and population
Soweto is a densely populated, urban township in Johan-
nesburg, South Africa with an estimated population of
1.3 million people in 355,331 households (2011 census)
[12]. According to the most recent census, 97% of
residents have access to potable water provided by the
municipality, with 55% having access to piped water in-
side the dwelling. Ninety two percent of residents use
flush toilets [12]. Unemployment is high with 19% of
households not receiving any set income and a depend-
ency ratio of 40.8 [12]. The average household size is 3.4
people [12] with an average household income of R6500
($455) per month [13]. Soweto is served by Chris Hani
Baragwanath Academic Hospital, a large, secondary-
tertiary care hospital, Bheki Mlangeni District Hospital,
and several public clinics and private practitioners [13].
The Soweto health and demographic surveillance site

(HDSS) was established in 2017 as part of the Child
Health and Mortality Prevention Surveillance (CHAM
PS) network [14] and currently tracks individuals from
20,778 households in eight clusters in Soweto through
biannual data collection rounds. This diarrhoeal diseases
survey used the Soweto HDSS as a sampling frame.

Sampling methods and data collection
Probability proportional to size sampling was used to
select four of the eight Soweto clusters (due to limited
resources and relative size of the clusters) from which
households were then randomly sampled. Soweto HDSS
data were used to verify that clusters were not signifi-
cantly different in terms of socioeconomic status.
To obtain a representative sample of each of the four

clusters with a 5% precision, 95% confidence level, using
an estimated 2-week diarrhoeal prevalence of 6% [15]
(amongst all ages), a survey size of 84 households was
required per cluster with a total of 336 households in all
four clusters. Non-response rate was estimated at 30%
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hence 500 households were selected (125 in each of the
four clusters). Fieldworkers visited the selected house-
holds, explained the study to an adult (≥18 years old)
representative of the household, and obtained written
informed consent. A questionnaire was administered in
the preferred language of the respondent. The question-
naire included sections on handwashing practices; eating
and food preparation practices (including where food is
purchased, and how it is stored and prepared); water
(source of drinking water, water treatment and storage);
sanitation; and ORS use and knowledge. Respondents
were also asked if any members of the household had
experienced a diarrhoeal episode (defined as ≥3 loose or
liquid stools in 24 h for any duration) in the past 2
weeks. Further questions on symptoms (as per other
diarrhoeal community studies [16]) and health seeking
behaviour were included for households with a reported
diarrhoeal episode. Questions on diarrhoeal episodes
were included for all members of the household in order
to avoid selection bias resulting from limiting the survey
to include only individuals found to be at home during
the day. Households not available on the first visit were
visited on a second occasion and considered a non-
response if not available at either visit. Data collection
was completed over a one-month period in February
2020.

Statistical analysis
The cluster design of the study was accounted for by
specifying data as three-level, complex survey data
(cluster, household and individuals within the household
as the three levels). Demographic and socioeconomic
information (including dwelling type, structure main
material, home ownership, power source used for cook-
ing, and toilet type) was obtained for enrolled house-
holds from HDSS data, using respondent name, surname
and age, before being de-identified for the purposes of
the analysis. The International Wealth Index (IWI) [17]
was used as a composite measure of material wealth for
each household. This measure combines assets, housing
floor material, toilet facility, number of rooms, access to
electricity and water source.
The number of individuals living with the respondent

(as reported by the respondent) was used as the denom-
inator for the two-week diarrhoeal rate. Respondents
only answered questions pertaining to their household;
individuals living in a separate dwelling on the same
property were excluded as it was unlikely that the re-
spondent would have been able to accurately answer
questions pertaining to these individuals. Handwashing
practices were considered adequate if the respondent
reported always washing their hands with both soap and
water (as opposed to water only) at critical times,
including before eating and preparing food and feeding

children, as well as after using the toilet and changing
children’s diapers.
Diarrhoeal rate was calculated as episodes per person-

year (PY) using events per person over the 2-week
period. Confidence intervals (95%) for diarrhoeal rates
were calculated using the Poisson distribution. Incidence
rate ratios (IRR) were calculated to compare the diar-
rhoeal rates among strata (including age groups; type of
diarrhoea; and episodes reported for respondents versus
other household members). Factors associated with at
least one diarrhoeal episode being reported for a house-
hold were investigated using binomial logistic regression
modelling. Health seeking (defined as seeking healthcare
at a clinic, hospital, general practitioner or pharmacy)
was investigated for reported diarrhoeal episodes, using
binomial logistic regression modelling. Multivariate ana-
lysis included all variables significant at p-value< 0.15 in
the univariate analysis and used backwards, stepwise se-
lection (using likelihood-ratio test) to determine which
variables to retain in the multivariate model. Households
where the respondent could not be matched to the
HDSS data (as they may have relocated between the
most recent HDSS round and the current survey) were
excluded from the multivariate analysis. Factors associ-
ated with ORS knowledge were investigated using X2-
test for categorical variables and t-test for continuous
variables. Non-response rates were compared to ensure
that there were no significant differences between clus-
ters. Stata software (version 14) was used for all analyses.

Ethical considerations
This study was approved by the Human Research Ethics
Committee (Medical) of the University of the Witwaters-
rand (approval number: M190663) and the CHAMPS
Soweto HDSS Community Advisory Board.

Results
Enrolled households and respondents
A total of 374 households comprising 1640 individuals
(77.2% of which were reported by proxy), were enrolled
(Fig. 1). Respondents were majority female (67.4%) with
a median age of 45 years (IQR: 24–59). A total of 355
(94.9%) respondents could be matched to the CHAMPS
HDSS data.

Diarrhoeal rate
Of the 374 households surveyed, 78 (20.9%) reported at
least one diarrhoeal episode in the past 2 weeks.
Seventy-one (91.0%) of these had a single episode per
household, six (7.7%) had two episodes, and one (1.3%)
had four episodes. Hence, a total of 87 diarrhoeal
episodes were reported, 36 (41.4%) of which were self-
reported by the respondent and 51 (58.6%) were re-
ported on behalf of someone else in the household.
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The overall 2-week diarrhoeal prevalence for the
surveyed population was 5.3% which translates to a rate
of 1.4 episodes/PY (95% CI, 1.1–1.7) (Table 1). Acute
diarrhoea (< 14 days) was common (1.3 episodes/PY
(95% CI, 1.0–1.6)) while persistent diarrhoea was rare
(0.1 episodes/PY (95% CI, 0.0–0.2)). Reported 2-week
prevalence for respondents was 9.6% (rate of 2.5 epi-
sodes/PY (95% CI, 1.8–3.5)) which was significantly
higher than reported for other household members (2-
week prevalence of 4.0% and rate of 1.0 episodes/PY
(95% CI, 0.8–1.4)) as shown by the IRR of 2.4 (95% CI,
1.5–3.7, p < 0.001). Rates between age groups were simi-
lar (1.1 episodes/PY (95% CI, 0.4–2.2) in < 5 years; 1.3

episodes/PY (95% CI, 0.8–2.2) in 5–15 years; 1.4 epi-
sodes/PY (95% CI, 1.1–1.8) in > 15 years).

Factors associated with diarrhoeal episodes
Multivariate analysis found that having children aged 5–
15 years in the household resulted in higher odds of hav-
ing had a diarrhoeal episode in the household in the last
2 weeks (OR = 2.3 (95% CI, 1.3–3.9), p = 0.002), (Table 2).
Inadequate handwashing (OR = 1.7 (95% CI, 1.0–3.0),
p = 0.064) and having a flush toilet in the house com-
pared to a flush toilet in the yard (OR = 1.7 (95% CI,
1.0–3.0), p = 0.057) were also associated with increased
diarrhoeal episodes in the household; however, these did

Fig. 1 Enrolment flow diagram. *10 households were not visited due to strike action which prevented fieldwork for several days. Despite this, the
required sample size was reached

Table 1 Rate of diarrhoeal disease reported for different groups

Events (N) Denominator
(number of people)

2-week prevalence (%) Person-years Rate (episodes per
person-year (95% CI))

Overall 87 1640 5.3 62.9 1.4 (1.1–1.7)

Acute (< 14 days) 81 1640 4.9 62.9 1.3 (1.0–1.6)

Persistent (≥14 days) 6 1640 0.4 62.9 0.1 (0.0–0.2)

Respondents 36 374 9.6 14.3 2.5 (1.8–3.5)

Other household members 51 1266 4.0 48.6 1.0 (0.8–1.4)

< 5 years 7 169 4.1 6.5 1.1 (0.4–2.2)

5–15 years 16 310 5.2 11.9 1.3 (0.8–2.2)

> 15 years 64 1171 5.5 44.9 1.4 (1.1–1.8)

Johnstone et al. BMC Public Health         (2021) 21:1431 Page 4 of 10



Table 2 Factors associated with occurrence of diarrhoeal episodes in the household in the preceding two weeks

Diarrhoeal
episode in the
household
n/N (%) c

Univariate d Multivariate d, e

OR (95% CI) p-value OR (95% CI) p-value

Dwelling type

Formal 56/74 (75.7) Referent – – –

Informal 18/74 (24.3) 1.6 (0.9–3.0) 0.135

Structure main material

Brick 66/74 (89.2) Referent – – –

Metal sheets 8/74 (10.8) 1.1 (0.5–2.6) 0.765

Home ownership

Owned by residents 38/74 (51.4) Referent – – –

Rented 27/74 (36.5) 1.7 (1.0–3.0) 0.071

Government issued 9/74 (12.2) 0.9 (0.4–1.9) 0.718

Power source for cooking

Electricity 74/74 (100.0) Omitted – –

Paraffin 0/74 (0)

Toilet type

Flush toilet in yard 22/74 (29.7) Referent – Referent –

Flush toilet in house 52/74 (70.3) 1.8 (1.0–3.1) 0.038 1.7 (1.0–3.0) 0.057

Ventilated pit latrine 0/74 (0) – – – –

International Wealth Index

Median (IQR) 85.6 (79.1–92.1) 1.0 (1.0–1.0) 0.827 – –

Number of people living in the household

Median (IQR) 5 (3-7) 1.1 (1.0–1.2) 0.004 – –

Children < 5 years in the household

No 42/78 (53.9) Referent – – –

Yes 36/78 (46.1) 2.0 (1.2–3.4) 0.008

Children between 5 and 15 years in the household

No 29/78 (37.2) Referent – Referent –

Yes 49/78 (62.8) 2.3 (1.4–3.9) 0.002 2.3 (1.3–3.9) 0.002

Handwashing a

Adequate 24/78 (30.8) Referent – Referent –

Inadequate 54/78 (69.2) 1.8 (1.0–3.0) 0.039 1.7 (1.0–3.0) 0.064

Consume fresh fruit and vegetables b

Never 3/77 (3.9) Referent – – –

Occasionally 24/77 (31.2) 0.5 (0.1–2.1) 0.307

Often 50/77 (64.9) 0.4 (0.1–1.8) 0.236

Consume meat b

Never 3/78 (3.9) Referent – – –

Occasionally 28/78 (35.9) 1.4 (0.4–5.2) 0.617

Often 47/78 (60.3) 1.2 (0.3–4.2) 0.815

Consume dairy b

Never 10/77 (13.0) Referent – – –

Occasionally 28/77 (36.4) 1.2 (0.5–2.8) 0.710

Often 39/77 (50.7) 0.8 (0.3–1.7) 0.520
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Table 2 Factors associated with occurrence of diarrhoeal episodes in the household in the preceding two weeks (Continued)

Diarrhoeal
episode in the
household
n/N (%) c

Univariate d Multivariate d, e

OR (95% CI) p-value OR (95% CI) p-value

Consume eggs b

Never 16/77 (20.8) Referent – – –

Occasionally 26/77 (33.8) 0.7 (0.4–1.5) 0.420

Often 35/77 (45.5) 0.7 (0.3–1.3) 0.224

Consume ready-to-eat meat products b

Never 21/77 (27.3) Referent – – –

Occasionally 28/77 (36.4) 1.4 (0.7–2.7) 0.341

Often 28/77 (36.4) 1.4 (0.7–2.6) 0.391

Consume take-aways b

Never 28/77 (36.4) Referent – – –

Occasionally 39/77 (50.7) 1.3 (0.8–2.3) 0.313

Often 10/77 (13.0) 1.8 (0.8–4.1) 0.182

Eat at restaurants b

Never 48/78 (61.5) Referent – – –

Occasionally 28/78 (35.9) 1.0 (0.6–1.7) 0.937

Often 2/78 (2.6) 1.3 (0.2–6.5) 0.771

Purchase meat

Informal 2/78 (2.6) Referent – –

Commercial 76/78 (97.4) 1.9 (0.4–8.5) 0.408

Purchase fruit and vegetables

Informal 39/76 (51.3) Referent – – –

Commercial 37/76 (48.7) 1.2 (0.7–2.0) 0.451

Fridge/freezer storage

No 2/78 (2.6) Referent – – –

Yes 76/78 (97.4) 1.2 (0.3–5.7) 0.822

Separate raw and cooked food

No 1/78 (1.3) Referent – – –

Yes 77/78 (98.7) 2.8 (0.4–22.0) 0.336

Treat drinking water

No 67/78 (85.9) Referent – – –

Yes 11/78 (14.1) 1.6 (0.7–3.5) 0.251

Water storage

None (straight from tap) 47/78 (60.3) Referent – – –

Closed container 29/78 (37.2) 1.1 (0.7–1.9) 0.658

Open container 2/78 (2.6) 1.6 (0.3–8.3) 0.600

Interruptions to water supply in the past 2 weeks

No 69/76 (90.8) Referent – – –

Yes 7/76 (9.2) 0.7 (0.3–1.7) 0.393
a Adequate defined as washing with soap and water at critical times (after using the toilet or changing diapers, and before preparing food, eating or feeding
young children); b Occasionally defined as once/twice per week, and often defined as every day or every second day. c Denominator differs due to missing
responses for some households (maximum of 78 households that experienced at least one episode of diarrhoea in the past two weeks); d Univariate and
multivariate analysis using only the 355 households that could be matched to HDSS data. e The following variables were assessed in the multivariate model:
number of people living in the household, dwelling type, home ownership, toilet type, children < 5 years in the household, children between 5 and 15 years in the
household and handwashing. The following variables were retained in the model: toilet type, children between 5 and 15 years in the household and handwashing
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not reach statistical significance at the multivariate level.
Number of people in the household, dwelling type, IWI,
eating habits, where food was purchased (formal or in-
formal traders) and stored (availability of cold storage),
knowledge on separation of raw and cooked food, and
water treatment, interruptions and storage were not as-
sociated with increased diarrhoeal episodes.

Symptoms and health seeking behaviour
The median age for those with diarrhoea was 30 years
(IQR: 13–53). Episodes lasted between a few hours to
28 days with a median of 2 days (IQR: 2–5). Abdominal
cramps were the most commonly reported symptom
(59.8%) followed by headache (31.0%), loss of appetite
(31.0%) and fever (31.0%), (Table 3). Some cases (14.9%)
experienced no symptoms additional to the diarrhoea.
Twenty-three of the 87 people with diarrhoea (26.4%)

sought healthcare (Supplementary Figure S1). Fourteen
(16.1%) visited a public clinic, while five (5.7%) visited a
pharmacy and four (4.6%) were admitted to hospital.
The admitted cases included a 4-month-old infant, two
elderly adults (aged 65 and 77 years old) and a 23-year-
old adult with dysentery, myalgia, abdominal cramps,
fever, nausea and vomiting. Fifty-one (58.6%) cases did
not seek healthcare as they felt their illness was mild,
while 12 (13.8%) cases felt it was necessary but were

unable to access healthcare. Reasons for not being able
to access healthcare included personal issues (6/12,
50.0%) including not being able to take time off from
work or home duties, and not having access to transport;
as well as issues with the healthcare system (6/12,
50.0%), including being previously ill-treated at public
clinics, long waiting times at the public clinic, and the
public clinic being closed. In the multivariate analysis,
children < 5 years and those with myalgia were signifi-
cantly more likely to seek healthcare for diarrhoea com-
pared with older children and adults and those without
myalgia (OR = 5.9 (95% CI, 1.1–31.4), p = 0.039; OR = 3.4
(95% CI, 1.2–10.2), p = 0.027 respectively), (Table 3).
The six cases that reported blood in the stool or pro-
longed symptoms all felt they required healthcare, al-
though only three (50.0%) were able to access it. Stool
specimens were collected in only three of the 87 cases
(3.4%) or 16.7% of those that visited a public clinic or
hospital (3/18) for their illness.
Only 44.8% (n = 39) of cases used ORS during the epi-

sode. Knowledge of ORS was poor in the surveyed popu-
lation with only 51.0% (n = 192) of respondents having
some knowledge of ORS (knew the recipe or were able
to name the ingredients) and only 17.9% (n = 67) able to
give the correct recipe. Females (p < 0.001), respondents
with a child < 5 years old in the household (p = 0.010) or

Table 3 Frequency of concurrently reported symptoms amongst household members with diarrhoeal episodes and factors
associated with seeking healthcare

Frequency of
symptoms (%)

Factors associated with seeking healthcare

Univariate analysis a

OR (95% CI) p-value

Abdominal cramps 52 (59.8) 1.1 (0.4–2.9) 0.858

Headache 27 (31.0) 0.7 (0.2–2.1) 0.523

Loss of appetite 27 (31.0) 0.9 (0.3–2.7) 0.908

Fever 27 (31.0) 0.7 (0.2–2.1) 0.523

Myalgia 24 (27.6) 2.7 (1.0–7.4) 0.056

Respiratory symptoms b 17 (19.5) 0.8 (0.2–2.8) 0.738

Nausea 15 (17.2) 2.1 (0.7–6.8) 0.208

Watery stool 14 (16.1) 0.7 (0.2–2.8) 0.625

Vomiting 13 (14.9) 1.3 (0.4–4.6) 0.722

Blood in stool 4 (4.6) 2.9 (0.4–21.9) 0.301

Age group (years)

< 5 – 3.6 (0.7–17.8) 0.115

5–15 0.4 (0.1–1.9) 0.239

> 15 Referent –

Female – 0.8 (0.3–2.3) 0.634

International Wealth Index –

1.0 (1.0–1.1) 0.194
a The following variables were assessed and retained in the multivariate model: myalgia (OR = 3.4 (95% CI, 1.2–10.2), p = 0.027) and age group (OR = 5.9 (95% CI,
1.1–31.4), p = 0.039, for children < 5 years compared to those > 15 years). b Respiratory symptoms included cough, coryza and shortness of breath
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children between the age of 5 to 15 years in the
household (p = 0.002) were significantly more likely to
have some knowledge of ORS compared with males
and respondents without children in the household
(Supplementary Table S1).

Discussion
The current perspective of diarrhoeal diseases in many
low- and middle- income countries, including South
Africa, is based largely on healthcare-level data focused
on children under the age of 5 years [18, 19]. This study
adds to the limited understanding of diarrhoeal diseases
in all ages at a community level and assists in interpret-
ing how representative healthcare and laboratory-level
data are of these cases. This survey found a diarrhoeal
rate of 2.5 episodes/PY (95% CI, 1.8–3.5) for respon-
dents and 1.0 episodes/PY (95% CI, 0.8–1.4) for other
household members (as reported by respondent as a
proxy). Since respondents should not be different to
other household members in terms of risk factors for
diarrhoeal diseases, it is unlikely that this is a true differ-
ence and may be due to reporting bias (in which respon-
dents underestimated episodes experienced by other
household members) or, less likely, recall bias (in which
respondents overestimate episodes experienced them-
selves). Since other studies using similar methods [3, 20]
did not differentiate self-reported episodes to episodes
reported on behalf of other household members, this dif-
ference cannot be compared to literature and requires
further investigation. Both the self-reported rate and the
rate for other household members were higher than
those reported in high-income countries [15, 21]. This is
expected, due to poorer living conditions and a higher
burden of underlying conditions, including HIV and
malnutrition, associated with increased diarrhoeal mor-
bidity in our setting. The rates reported here are lower
than those reported from other African countries, such
as a household survey in Zambia which reported a rate
of 1.7 episodes/PY for persistent diarrhoea in adults
[22], and a household study in Ethiopia which found a
diarrhoeal rate of 3.8 episodes/PY for children < 5 years
of age [23]. Our reported prevalence for children < 5
years was similar to that previously reported in a
community-based study from the same setting (4.0%)
[13]. Rates for other household members are in keeping
with the GBD estimates of 1.0 episodes/PY (95% CI,
1.0–1.1) for sub-Saharan Africa [1]. Since community-
level data amongst all ages in sub-Saharan Africa are
limited, it is possible that the higher self-reported esti-
mates are accurate, and other estimates (based on
healthcare-level data) are an underestimation. Unlike re-
ports from studies in high income settings [15, 21], our
survey found no significant difference between rates for
different age groups. We did however find that

healthcare was most likely to be sought for children < 5
years of age. This highlights that diarrhoeal cases in chil-
dren < 5 years are seen disproportionally at a healthcare
level in this community since many older children and
adults do not seek healthcare for diarrhoeal episodes.
The economic effects of diarrhoeal disease in the com-
munity therefore extend beyond healthcare system costs,
and includes the reduction of economically active days
for individuals of working age, causing social disturbance
and lost economic opportunities [24].
The presence of children between 5 and 15 years in

the household was significantly associated with episodes
of diarrhoea. Since the diarrhoeal rate in this age group
was similar to the rate for adults, it is likely that having
a child of school-going age in the household is a risk fac-
tor for others in the household as these children may act
as vectors. However, this is not previously reported in
the literature and requires further investigation. Having
a flush toilet in the house (as compared to in the yard)
and inadequate handwashing were also associated with
diarrhoea (although only marginally significant). Poor
handwashing is a known risk factor for diarrhoeal dis-
eases [7]; however, the association between diarrhoea
and the location of the flush toilet requires further inves-
tigation and may be due to an unmeasured confounder.
Food safety practice and food purchasing behaviour were
not associated with diarrhoea in the current study.
Diarrhoeal episodes were relatively mild in the sur-

veyed population, with a median duration of 2 days. The
most common accompanying symptoms were abdominal
cramps, headache, loss of appetite and fever. This is in
agreement with systematic review data from low- and
middle-income countries [25]. Only 21% of cases re-
quired healthcare intervention, which is similar to esti-
mates of 21% from the United States [15]. Data from
low- and middle-income countries estimate that 35.2%
of diarrhoeal cases in children < 5 years [25] present to
healthcare, but there are no data for rates in other age
groups, which are expected to be lower. In the present
study, of those that sought healthcare, the majority went
to public clinics (61%), followed by pharmacies (22%)
and public hospitals (17%). This differs to a community-
based study in children < 5 years from the same commu-
nity which found that 70% of cases sought healthcare at
public clinics, 10% at a private practitioners, 10% at
pharmacies and 5% at public hospitals [13]. This differ-
ence is probably because adults are more likely to seek
healthcare at a pharmacy, rather than a public clinic,
public hospital or private practitioner. This study was
not powered to determine the difference in type of
healthcare sought between age groups, however, no
cases in children < 5 years sought healthcare at pharma-
cies. It is likely that diarrhoeal cases in children < 5 years
were more severe, and that there was a lower threshold
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for seeking healthcare at other facilities. The number of
individuals seeking healthcare for their illness underre-
presents the subjective severity of illness, since 33% (12/
36) of those who felt they needed healthcare were unable
to access it. Many of the barriers to accessing healthcare
identified here were also highlighted in the previous So-
weto study, including issues with the health system (such
as deficiencies in healthcare delivery, dissatisfaction with
services, medications being out of stock) and personal
reasons (such as time, finance and transportation con-
straints) [13].
The data presented here shows that only 4.6% of diar-

rhoeal cases in the community would have been de-
tected through hospital surveillance and 16.1% through
clinic surveillance. Analysis of routine diagnostic labora-
tory data would represent only 3.4% of the cases, being
limited to those that had stool specimens collected.
These findings are important to consider when inter-
preting the representativeness of such data.
We found community ORS knowledge to be poor in

the surveyed population. Women and respondents with
children in the household were more likely to have some
knowledge of ORS, indicating that this information is
most likely disseminated through baby and childcare
clinics, a finding which was also reported in rural
Botswana [26]. There is a gap in information dissemin-
ation for men and households without children, which
should be addressed.
This study was limited by the reliance on a single

household member to answer questions on behalf of
other household members. This may have introduced
bias, as respondents were less likely to accurately re-
spond to questions regarding diarrhoeal episodes experi-
enced by others and may have inflated episodes
experienced themselves. This method has been used in
similar studies [3, 20] and was preferable to collecting
data on respondents only, as this may have biased results
towards those that stay at home during the day. The
study could have been strengthened by interviewing all
members of included households; however, this was
impractical. We were also unable to investigate the
association between HIV and diarrhoeal disease at an
individual level as this data was unavailable and could
not be requested from respondents for ethical reasons.
Level of education is known to be associated with diar-
rhoea, however this was not investigated in the current
study as this variable was missing for the majority of
HDSS members. Our findings are generalizable to many
similar communities in South Africa, but may not be ap-
plicable to rural settings where living conditions and
health-seeking patterns are likely to differ substantially.
Therefore, understanding of diarrhoeal diseases at a
community level could be strengthened by expanding
this study to a larger geographical area. Causal inference

and predictors of diarrhoeal disease could not be deter-
mined due to the cross-sectional nature of the study.
Research on diarrhoeal disease focusses on children

under the age of 5 years because this age group is par-
ticularly vulnerable to illness and are more likely to seek
healthcare and therefore to be detected through health-
care and laboratory surveillance. Notably, this study
shows that diarrhoeal rates in older age groups are high
at a community level, but are missed through routine
healthcare- or laboratory-based surveillance. It is there-
fore recommended that routine surveillance be extended
to include public clinics and pharmacies. We recom-
mend that handwashing practices in this community be
further investigated in order to produce targeted health
messaging. We also recommend that health education
on ORS as a low cost, effective intervention for
diarrhoeal diseases should be made widely available, and
include men and households without young children as
target groups for such health education.

Abbreviations
CHAMPS: Child Health and Mortality Prevention Surveillance network;
CI: Confidence interval; GBD: Global Burden of Disease; HDSS: Health and
demographic surveillance site; IQR: Interquartile range; IRR: Incidence rate
ratio; IWI: International Wealth Index; ORS: Oral rehydration solution/salts;
PY: Person-years; WHO: World Health Organisation

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-021-11470-9.

Additional file 1: Figure S1. Health seeking for reported diarrhoeal
episodes. Table S1. Factors associated with ORS knowledge.

Acknowledgements
We would like to thank all individuals that took part in the survey as well the
CHAMPS Social and Behavioural Sciences team and the CHAMPS Community
Advisory Board who assisted with community engagement. Thank you to Dr.
Sunday Adedini for valuable input into the design of the survey and Richard
Madimabe for assistance with fieldwork.

Authors’ contributions
SLJ, NAP, JT, PM and MJG conceptualised and designed the study. S.L.J
completed and managed fieldwork and data collection. SLJ, NAP, SAM, NM,
CH and MJG acquired, analysed and interpreted the data. SLJ drafted the
work. NAP, JT, SAM, PM, NM and MJG substantively revised the work. All
authors reviewed the manuscript. The authors read and approved the final
manuscript.

Funding
This work was supported by GlaxoSmithKline [E-Track 200238] and the
German Federal Ministry of Education and Research [grant number
81203616] to SLJ. The CHAMPS program is funded by the Bill & Melinda
Gates Foundation (Grant OPP1126780). The funders were not involved in the
design, data collection, analysis and interpretation of data or in the writing
of this manuscript.

Availability of data and materials
The datasets used during the current study is available from the
corresponding author on reasonable request.

Johnstone et al. BMC Public Health         (2021) 21:1431 Page 9 of 10

https://doi.org/10.1186/s12889-021-11470-9
https://doi.org/10.1186/s12889-021-11470-9


Declarations

Ethics approval and consent to participate
This study was approved by the Human Research Ethics Committee
(Medical) of the University of the Witwatersrand (approval number: M190663)
and the CHAMPS Soweto HDSS Community Advisory Board. Written
informed consent was obtained from all included participants. All methods
were carried out in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
None to declare.

Author details
1Center for Enteric Diseases, National Institute for Communicable Diseases,
Johannesburg, South Africa. 2 School of Public Health, Faculty of Health
Sciences, University of the Witwatersrand, Johannesburg, South Africa.
3Department of Medical Virology, Faculty of Health Sciences, University of
Pretoria, Private Bag X323, Arcadia 0007, South Africa. 4South African Medical
Research Council: Vaccines and Infectious Diseases Analytics Research Unit,
Faculty of Health Sciences, University of the Witwatersrand, Johannesburg,
South Africa.

Received: 16 November 2020 Accepted: 30 June 2021

References
1. Troeger C, Blacker BF, Khalil IA, Rao PC, Cao S, Zimsen SR, et al. Estimates of

the global, regional, and national morbidity, mortality, and aetiologies of
diarrhoea in 195 countries: a systematic analysis for the global burden of
disease study 2016. Lancet Infect Dis. 2018;18(11):1211–28. https://doi.org/1
0.1016/S1473-3099(18)30362-1.

2. Mathers C, Boerma T, Fat D. Global and regional causes of death. Br Med
Bull. 2009;92(1):7–32. https://doi.org/10.1093/bmb/ldp028.

3. Kapwata T, Mathee A, Le Roux WJ, Wright CY. Diarrhoeal disease in relation
to possible household risk factors in South African villages. Int J Environ Res
Public Health. 2018;15(8):1665.

4. Fischer Walker CL, Black RE. Diarrhoea morbidity and mortality in older
children, adolescents, and adults. Epidemiol Infect. 2010;138(9):1215–26.
https://doi.org/10.1017/S0950268810000592.

5. Kotloff K, Nataro J, Blackwelder WC, Nasrin D, Farag T, Panchalingam S.
Burden and aetiology of diarrhoeal disease in infants and young children in
developing countries (the global enteric multicenter study, GEMS): a
prospective, case-control study. Lancet. 2013;382(9888):209–22. https://doi.
org/10.1016/S0140-6736(13)60844-2.

6. Clasen TF, Alexander KT, Sinclair D, Boisson S, Peletz R, Chang HH, Majorin F,
Cairncross S. Interventions to improve water quality for preventing
diarrhoea. Cochrane Database Syst Rev. 2015;2015(10):CD004794. https://doi.
org/10.1002/14651858.CD004794.pub3.

7. Ejemot-Nwadiaro RI, Ehiri JE, Arikpo D, Meremikwu MM, Critchley JA. Hand
washing promotion for preventing diarrhoea. Cochrane Database Syst Rev.
2015;2015(9):CD004265. https://doi.org/10.1002/14651858.CD004265.pub3.

8. World Health Organisation. Five Keys to Safer Food Manual [Internet].
Geneva: 2006. [cited 2020 Jun 12]. Available from: https://apps.who.int/iris/
bitstream/handle/10665/43546/9789241594639_eng.pdf;jsessionid=3EC1B5A
DA6AE78A422DF024D52F6C4FF?sequence=1.

9. Munos MK, Fischer Walker CL, Black RE. The effect of oral rehydration
solution and recommended home fluids on diarrhoea mortality. Int J
Epidemiol. 2010;39(suppl_1):i75–87. https://doi.org/10.1093/ije/dyq025.

10. World Health Organisation. Oral Rehydration Salts: Production of the new
ORS [Internet]. Geneva: 2006. [cited 2020 Jun 8]. Available from: https://
www.who.int/maternal_child_adolescent/documents/fch_cah_06_1/en/.

11. Victora C, Bryce J, Fontaine O, Monasch R. Reducing deaths from
diarrhoea through oral rehydration solution. Bull World Health Organ.
2000;78:1246–55.

12. Statistics South Africa. My settlement: Soweto. In: Census 2011; 2011.
[cited 2020 Jun 8]. Available from: http://www.statssa.gov.za/?page_id=
4286&id=11317.

13. Wong KK-L, von Mollendorf C, Martinson N, Norris S, Tempia S, Walaza S,
et al. Healthcare utilization for common infectious disease syndromes in
Soweto and Klerksdorp, South Africa. PanAfrican Med J. 2018;8688:1–12.

14. Cunningham S, Shaikh N, Nhacolo A, Raghunathan P, Kotloff K, Naser A,
et al. Health and demographic surveillance systems within the child health
and mortality prevention surveillance network. Clin Infect Dis. 2019;69(Suppl
4):S274–9. https://doi.org/10.1093/cid/ciz609.

15. Imhoff B, Morse D, Shiferaw B, Hawkins M, Vugia D, Lance-Parker S, et al.
Burden of self-reported acute diarrheal illness in FoodNet surveillance areas,
1998–1999. Clin Infect Dis. 2004;38(s3):S219–26. https://doi.org/10.1086/381590.

16. Hall G, Yohannes K, Raupach J, Becker N, Kirk M. Estimating community
incidence of Salmonella, campylobacter, and Shiga toxin-producing
Escherichia coli infections, Australia. Emerg Infect Dis. 2008;14(10):1601–9.
https://doi.org/10.3201/eid1410.071042.

17. Smits J, Steendijk R. The international wealth index (IWI). Soc Indic Res.
2014;122:65–85.

18. Makgatho E, Patel F, Izu A, Groome M, Lala S, Vallabh P, et al. Trends in
diarrhoeal disease hospitalisation in a paediatric short-stay ward at a
tertiary-level hospital in Soweto: 2002-2016. South African J Child Health.
2019;13(4):154–7.

19. Akinyemi JO, Ogunbosi BO, Fayemiwo AS, Adesina OA, Obaro M, Kuti MA,
et al. Demographic and epidemiological characteristics of HIV opportunistic
infections among older adults in Nigeria. Afr Health Sci. 2017;17(2):315–21.
https://doi.org/10.4314/ahs.v17i2.4.

20. Moropeng RC, Budeli P, Mpenyana-Monyatsi L, Momba MNB. Dramatic
reduction in diarrhoeal diseases through implementation of cost-effective
household drinking water treatment systems in Makwane village, Limpopo
province, South Africa. Int J Environ Res Public Health. 2018;15(3):410.
https://doi.org/10.3390/ijerph15030410.

21. Van Cauteren D, De Valk H, Vaux S, Le Strat Y, Vaillant V. Burden of acute
gastroenteritis and healthcare-seeking behaviour in France: a population-
based study. Epidemiol Infect. 2012;140(4):697–705. https://doi.org/10.1017/
S0950268811000999.

22. Kelly P, Baboo K, Wolff M, Ngwenya B, Luo N, Farthing M. The prevalence
and aetiology of persistent diarrhoea in adults in urban Zambia. Acta Trop.
1996;61(3):183–90. https://doi.org/10.1016/0001-706X(95)00142-2.

23. Dagnew A, Tewabe T, Miskir Y, Eshetu T, Kefelegn W, Zerihun K, et al.
Prevalence of diarrhea and associated factors among under-five children in
Bahir Dar city, Northwest Ethiopia, 2016: a cross-sectional study. BMC Infect
Dis. 2019;417. https://doi.org/10.1186/s12879-019-4030-3.

24. Pegram GC, Rollins N, Espey Q. Estimating the costs of diarrhoea and
epidemic dysentery in KwaZulu-Natal and South Africa. Water SA. 1998;
24(1):11–20.

25. Lamberti L, Fischer Walker C, Black R. Systematic review of diarrhea duration
and severity in children and adults in low- and middle-income countries.
BMC Public Health. 2012;276. https://doi.org/10.1186/1471-2458-12-276.

26. Jammalamadugu S, Mosime B, Masupe T, Habte D. Assessment of the
household availability of oral rehydration salt in rural Botswana. PanAfrican
Med J [Internet]. 2013;15(130). Available from: https://doi.org/10.11604/pa
mj.2013.15.130.2793.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Johnstone et al. BMC Public Health         (2021) 21:1431 Page 10 of 10

https://doi.org/10.1016/S1473-3099(18)30362-1
https://doi.org/10.1016/S1473-3099(18)30362-1
https://doi.org/10.1093/bmb/ldp028
https://doi.org/10.1017/S0950268810000592
https://doi.org/10.1016/S0140-6736(13)60844-2
https://doi.org/10.1016/S0140-6736(13)60844-2
https://doi.org/10.1002/14651858.CD004794.pub3
https://doi.org/10.1002/14651858.CD004794.pub3
https://doi.org/10.1002/14651858.CD004265.pub3
https://apps.who.int/iris/bitstream/handle/10665/43546/9789241594639_eng.pdf;jsessionid=3EC1B5ADA6AE78A422DF024D52F6C4FF?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/43546/9789241594639_eng.pdf;jsessionid=3EC1B5ADA6AE78A422DF024D52F6C4FF?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/43546/9789241594639_eng.pdf;jsessionid=3EC1B5ADA6AE78A422DF024D52F6C4FF?sequence=1
https://doi.org/10.1093/ije/dyq025
https://www.who.int/maternal_child_adolescent/documents/fch_cah_06_1/en/
https://www.who.int/maternal_child_adolescent/documents/fch_cah_06_1/en/
http://www.statssa.gov.za/?page_id=4286&id=11317
http://www.statssa.gov.za/?page_id=4286&id=11317
https://doi.org/10.1093/cid/ciz609
https://doi.org/10.1086/381590
https://doi.org/10.3201/eid1410.071042
https://doi.org/10.4314/ahs.v17i2.4
https://doi.org/10.3390/ijerph15030410
https://doi.org/10.1017/S0950268811000999
https://doi.org/10.1017/S0950268811000999
https://doi.org/10.1016/0001-706X(95)00142-2
https://doi.org/10.1186/s12879-019-4030-3
https://doi.org/10.1186/1471-2458-12-276
https://doi.org/10.11604/pamj.2013.15.130.2793
https://doi.org/10.11604/pamj.2013.15.130.2793

	Abstract
	Background
	Methods
	Results
	Conclusion

	Summary of article’s main point
	Background
	Methods
	Study area and population
	Sampling methods and data collection
	Statistical analysis
	Ethical considerations

	Results
	Enrolled households and respondents
	Diarrhoeal rate
	Factors associated with diarrhoeal episodes
	Symptoms and health seeking behaviour

	Discussion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

