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Abstract

Accounting for peri-urban sanitation poses a unique challenge due to its high density,
unplanned stature, with limited space and funding for conventional sanitation instalment. To
better understand users, needs and inform peri-urban sanitation policy, our study used mul-
tivariate stepwise logistic regression to assess the factors associated with use of improved
(toilet) and unimproved (chamber) sanitation facilities among peri-urban residents. We ana-
lysed data from 205 household heads in 1 peri-urban settlement of Lusaka, Zambia on
socio-demographics (economic status, education level, marital status, etc.), household san-
itation characteristics (toilet facility, ownership and management) and household diarrhoea
prevalence. Household water, sanitation and hygiene (WASH) facilities were assessed
based on WHO-UNICEF criteria. Of particular interest was the simultaneous use of toilet
facilities and chambers, an alternative form of unimproved sanitation with focus towards all-
in-one suitable alternatives. Findings revealed that having a regular income, private toilet
facility, improved drinking water and handwashing facility were all positively correlated to
having an improved toilet facility. Interestingly, both improved toilets and chambers indi-
cated increased odds for diarrhoea prevalence. Odds of chamber usage were also higher
for females and users of unimproved toilet facilities. Moreover, when toilets were owned by
residents, and hygiene was managed externally, use of chambers was more likely. Findings
finally revealed higher diarrhoea prevalence for toilets with more users. Results highlight the
need for a holistic, simultaneous approach to WASH for overall success in sanitation. To
better access and increase peri-urban sanitation, this study recommends a separate sanita-
tion ladder for high density areas which considers improved private and shared facilities, toi-
let management and all-inclusive usage (cancelling unimproved alternatives). It further calls
for financial plans supporting urban poor access to basic sanitation and increased education
on toilet facility models, hygiene, management and risk to help with choice and proper facility
use to maximize toilet use benefit.
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Introduction

Sustainable Development Goal (SDG) 6 focuses on universal access to improved drinking water
and sanitation by the year 2030. Access to basic services such as water, sanitation and hygiene
(WASH) is still low in high density peri-urban settlements. This primarily results from their
being low income unplanned settlements having limited space and municipal provisions [1].
Consequently, residents use a mix of improved and unimproved WASH facilities [2,3].

In the sub-Saharan nation of Zambia, WASH factors have been found to be responsible for
11.4% of all deaths [4]; only 67.7% and 40% of the population have access to improved drink-
ing water and sanitation respectively [5]. In comparison to national statistics, peri-urban fig-
ures reveal that approximately 56% and as much as 90% of the peri-urban population lack
access to safe water and sanitation facilities respectively [6].

Poor WASH has also been linked to the nations annual cholera outbreaks which usually
emanate from rural fishing villages and peri-urban settlements [7]. During the 2017/2018 rain
season, an outbreak of cholera emanating from the peri-urban resulted in 5,905 registered sus-
pected cases, the majority of them (91.7%) from Zambia’s capital city, Lusaka [8]. Approxi-
mately 70% of the city’s population are peri-urban residents; the city is home to 37 peri-urban
settlements [5].

Household WASH and sociodemographic data in one peri-urban settlement in Lusaka
were collected in order to identify factors associated with household access to improved/unim-
proved WASH and inform future participatory action research among resident children and
youth. As the peri-urban has been a common epicentre of diarrheal disease outbreaks, this arti-
cle focuses on access to peri-urban sanitation. Key points of focus are commonalities, risk fac-
tors and plausible intervention areas. Of particular interest in this article is the nature of
sanitation facility owned and/or used by the household, and the factors associated with the use
of improved and/or unimproved sanitation facilities. Bearing in mind the 2030 target of uni-
versal access to basic/improved sanitation [9] rather than co-use between improved and unim-
proved facilities, the study took a unique assessment of the simultaneous use of improved
toilet facilities and unimproved sanitation in the form of chambers: bucket, pan, plastic or
other unsealed containers which are collected or disposed daily in toilets, by informal collec-
tors, with solid waste or thrown as flying toilets [3,10]. As a major goal of meeting the SDG tar-
gets is the alleviation of disease risk, household diarrhoea prevalence was also assessed.

Objectives of the study were therefore, to: (i) investigate peri-urban sanitation through
determining the associations between household socio-demographic and WASH characteris-
tics, and household sanitation facility, chamber use and diarrhoea prevalence; and (ii) narrow
down and recommend plausible interventions focused towards attainment of SDG 6 in the
peri-urban/ high density areas for the purpose of informing research, policy and WASH
institutions.

Methodology

The study used an exploratory cross-sectional design, with data collected between September
and October, 2018. A brief breakdown of research site selection and sampling procedure is
given in Fig 1. A questionnaire and observation checklist were used for data collection (see S1
and S2 Appendices), and findings were analysed using multivariate logistical regression. The
following is a detailed description of the research process.

Research site

A previous WASH assessment informed the selection of the research site (i.e., Stage 1 in Fig 1)
[10]. The site was also 1 of 2 informal settlements cited as epicentres of the 2017/2018 cholera
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STAGE 1: Selection of research site — Part 1

9 of 37 peri-urban settlements surveyed
3 of 9 peri-urban settliements selected

N/

STAGE 2: Selection of research site — Part 2

From 3 settlements
1 of 2 epicentres of 2017/2018 cholera outbreak selected

N/

STAGE 3: Selection of zones

Dziko Langa photovoice exercise recommendation; Assessment of zone
representativeness

3 of 13 zones selected

N/

STAGE 4: Household socio-demographic and WASH data collection

Systematic random sampling; Target = 500
Achieved: N = 369

N

STAGE 5: Eligible households for data analysis

Purposive sampling criteria: Access to toilet facility; Required variables available
Final sample: N = 205

Fig 1. Flow diagram of sampling procedure. Caption Credits: Nyambe S, Hayashi K, Zulu J, Yamauchi T. Water,
Sanitation, Hygiene, Health and Civic Participation of Children and Youth in Peri-Urban Communities: An Overview
of Lusaka, Zambia, Field Research Report 2016. Sanit Value Chain. 2018;Vol. 2(01):39-054, 2018. https://doi.org/10.
34416/svc.00010.

https://doi.org/10.1371/journal.pone.0232763.9001

outbreak in Lusaka (i.e., Stage 2 in Fig 1) [8]. Within the settlement, 3 out of 13 health zones were
selected for data collection (i.e., Stage 3 in Fig 1). The zones were selected in collaboration with a
local youth group named Dziko Langa. The groups’ decisions were informed by their findings
from a photovoice exercise focused on assessing local WASH priorities. Photovoice required par-
ticipants to take pictures and tell the story of local/peri-urban WASH [11]; the selected zones
would also be sites for Dziko Langa’s future WASH intervention through action research. Other
than recommendations from group members, criteria for zone selection considered availability of
WASH facilities, public services and distance from the main road. One of the zones housed the
local hospital and several government schools, another housed the biggest market in the settle-
ment, having the 2™ largest number of households among the 13 zones, and the final zone was
further in the settlement, off the main road. This variation in development, facilities and popula-
tion densities among the zones ensured higher possibility of representativeness.

Sampling and sample size

The number of households in the settlement was 33,185 [10]; the selected zones housed 9,114
households (representing 27.5% of the settlement). Households were selected via systematic
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random sampling with data collectors targeting every 5™ house and marking each house after
data collection to prevent duplication. Sampling commenced from an agreed intersection of
the main road/boundary of each zone going into the interior, and zonal boundary markers
were clearly defined to all data collectors. In cases where tenants lived in a cluster of houses
with their landlords (a common occurrence in Lusaka peri-urban) [12], or where neighbours
shared WASH facilities, the 5™ household, regardless of who owned the WASH facilities, was
the first priority for sampling and the cluster sharing WASH facilities was considered as one
household. This was done to avoid duplicating facilities. In several cluster cases, approached
households referred data collectors to the landlord, or neighbour in charge of the facility stat-
ing the need for permission in order to assess facilities.

The sampling goal was N = 500 for the overall WASH study; a sample size of N = 369 was
achieved (i.e., Stage 4 in Fig 1). Purposive sampling was applied on collected data; sampling
criteria required households with toilets and information on all required variables (N = 205)
(i.e., Stage 5 in Fig 1). Zambia’s Fifth National Development Plan indicated that 10% of the
peri-urban population had access to ‘satisfactory’ sanitation facilities [6]. More recent statistics
however, indicated that 99% of urban households had access to a facility (regardless of whether
it was improved or unimproved as per current study focus) [5]. Using a confidence level of
95% with our sample (N = 205), the latter proportion (99%) gave a confidence interval of
+1.36 while the former (10%) gave a confidence interval of +4.09.

Sociodemographic data were requested from household heads as they were deemed responsi-
ble for and/or knowledgeable on household WASH decision making. The study followed the def-
inition of household head as per the Zambia Living Conditions Monitoring Survey which
categorised the household head as the person who normally made daily decisions concerning the
running of the household irrespective of gender and/or marital status [5]. Where unavailable,
data collectors either collected data from the eldest/responsible available adult if permitted (>18
years), returned to the household at an alternative time to collect data from the household head
directly, or skipped to the next house in the sequence. This was done to ensure that the diversity
of household heads in the research area (employed and unemployed) were sampled. In most
cases, individuals were not willing to give information without the consent of the household
head, as it was the household heads sociodemographic information that was required. In some
cases, individuals contacted the household head for permission or to clarify information. The
percentage of household head vs. non-household heads who divulged data was 68% vs. 32%.

Compliance with ethical standards

Prior to the commencement of the study, all processes, documentation and data collection
tools underwent ethical screening, and were approved by ERES Converge Ethical Approval
Board, Lusaka (Ref. No. 2017-Mar-012) and the Faculty of Health Sciences, Hokkaido Univer-
sity, Japan (Ref. No. 16-103). In line with this, signed informed consent was collected from all
participants and all participation was voluntary. Furthermore, data were only collected from
persons 18 years and older. The research was conducted under the Sanitation Value Chain
Project, registered with the Research Institute for Humanity and Nature based in Kyoto,
Japan. The study design, data collection, analysis, article and all other aspects related to the
research were fully under the discretion of the researchers.

Data collection

A questionnaire was used to collect sociodemographic data and household WASH informa-
tion; questions on socio-demographic data, household sanitation, chamber use and diarrhoea
prevalence were extracted for the purpose of the study (see S1 Appendix). Sociodemographic
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data was collected in alignment with criteria from the Zambia Demographic and Health Sur-
vey 2013-2014 [13]. Since Zambia is a signatory of the SDGs, household sanitation was
assessed using the 2017 World Health Organisation and United Nations Children Education
Fund Joint Monitoring Programs’ Guidelines for WASH (hereinafter referred to as the
WHO-UNICEF JMP) [9]. Questions relating to household WASH as per S1 Appendix fol-
lowed the aforementioned guidelines; a WASH checklist was developed as an observatory
guide to determine household WASH service levels (see S2 Appendix).

Both sociodemographic and WASH data were collected using Open Data Kit (ODK) Col-
lect as the phone application for initial data collection and KoBoToolbox as the online data
server post-collection. Data collectors had 4 days training on how to use ODK Collect, and fill
in the questionnaire and checklist. Note that data collectors entered participant responses in
the application, which they later verified for error before upload to the online server. To reduce
error, the researcher and research assistants shadowed different pairs of data collectors
through the first half of the data collection period.

Household demographic and WASH questionnaire. Sociodemographic data collected
from the household head were age, gender, marital status, education level, employment status,
income, house ownership and number of household members. For a more in-depth look into
peri-urban sanitation, questions were also asked on toilet ownership and management (clean-
ing and cleaning frequency, maintenance, hygiene). This would help determine internal and
external matters of access, control and management of household sanitation.

Data were also collected on the use of chambers and diarrhoea prevalence. Use of chambers
is a relatively well known practice in the peri-urban irrespective of an individual’s access to
sanitation [10]. According to an update of the WHO-UNICEF JMP, chambers fall in the cate-
gory of unimproved sanitation as they present significant health risks. When disposed in the
open or with solid waste, they equate to open defecation [3]. With their normalcy, an analysis
of chamber use could show chamber impacts and expose barriers to toilet use in the peri-
urban. Lastly, household diarrhoea prevalence was assessed as per previous studies: any house-
hold member having 3 or more watery stools within 24 hours in the last 2 weeks [14-16]. This
information was also collected to gauge the relationship between peri-urban health (diarrhoea
prevalence) and sanitation.

Household WASH checklist. WASH data were collected by viewing the households’
water source, sanitation facility, faecal disposal site (e.g., septic tank) and handwashing station/
location; where permitted, photographs of WASH facilities were also taken to assist later vali-
dation. GPS coordinates of all participating households were also taken for this purpose.
Observations facilitated household WASH assessment via the 2017 WHO-UNICEF JMP
which categorises WASH facilities into improved (safely managed, basic and limited) vs.
unimproved (unimproved and surface water/open defecation) for drinking water and sanita-
tion, and facility (facility with soap and water, and facility without soap and/or water) vs. no
facility for hygiene, i.e., handwashing [9].

Households with access to piped water, boreholes or tube wells, protected dug wells, pro-
tected springs, and packaged or delivered water sources were categorised as having ‘Improved’
drinking water. ‘Unimproved’ drinking water was indicated by households that accessed water
from unprotected sources (dug well or spring) and surface water (directly from a river, dam,
lake, pond, stream, canal or irrigation canal). Having a handwashing facility, regardless of soap
and/or water availability was categorised as ‘Facility’, whilst the absence of such facilities was
categorised as ‘No facility’.

Of primary importance to this research was the categorisation of sanitation. Improved facil-
ity status was granted to households that accessed flush/pour flush to piped sewer systems, sep-
tic tanks or pit latrines, ventilated improved pit latrines, composting toilets or pit latrines with
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slabs. ‘Unimproved’ facility was used to categorise households using pit latrines without slab
or platform, bucket latrines, and disposal of faeces in fields, forests, bushes, open bodies of
water or other open spaces, or with solid waste [9]. In cases where households had more than
one toilet or type of sanitation, the most used by the household was the one assessed.

Data analysis

Data were analysed using JMP®) Pro, Version 13.1.0 (SAS Institute Inc., Cary, NC, 2016) for
Microsoft Windows 10 Pro. Descriptive statistics were used to analyse socio-demographic and
household WASH characteristics. The association between household heads socio-demo-
graphic details and household WASH characteristics was evaluated using multivariate stepwise
logistic regression in order to identify a parsimonious set of predictors of toilet facility cate-
gory, chamber use and diarrhoea prevalence.

To select variables for stepwise regression, bivariate odds ratios were computed between
each dependent and independent variable; only those resulting in p <0.25 were included in
the multivariate model. For toilet facility, eligible dependent factors were employment,
income, toilet ownership, private vs. shared facility, number of households using the toilet, toi-
let cleaning frequency, drinking water, handwashing, chamber use and diarrhoea prevalence.
For chamber use, eligible dependent factors were gender, number of household members, toi-
let ownership, number of households using the toilet, toilet cleaning responsibility, toilet
hygiene, toilet facility and diarrhoea prevalence. Lastly, for diarrhoea prevalence, eligible
dependant variables were gender, education, private vs. shared facility, number of households
using the toilet, number of persons using the toilet, toilet cleaning responsibility, toilet cleaning
frequency, toilet hygiene, toilet facility and chamber use. S3 Appendix shows results of bivari-
ate odds ratios for each independent variable.

As per the Akaike Information Criterion, eligible factors were then computed via a backwards
stepwise method to determine factors that significantly contributed to sanitation facility (Improved
vs. Unimproved), chamber use (Yes vs. No) and diarrhoea prevalence (Yes vs. No). The p-value
threshold for entry and removal into the model to determine adjusted odds ratio was 0.25 and 0.1
respectively. The level of significance was set at p <0.05 with a confidence interval of 95%.

Results
Sociodemographic characteristics

Participant sociodemographic characteristics are shown in Table 1. Whilst participant percent-
ages were almost evenly divided by age group, education level, employment status and those
owning or renting their residence, the majority were female (83.4%), married/living together
(70.7%), receiving irregular income (74.6%) and housing a maximum of 5 persons in their
households (62.4%). Based on the varying means and sources of income, several respondents
were not able to state a specific or average amount of money they earned per month, so
respondents were instead categorised as having regular (known average amount) and irregular
(unknown average amount) income. Categorisation of regular income was irrespective of
amount, and focused on respondents who could state a known consistent income pattern.

Household WASH characteristics and diarrhoea prevalence

Table 2 outlines information on the households’ WASH status, sanitation characteristics and
diarrhoea prevalence. The distribution of characteristics among persons using the toilet, toilet
cleaning and hygiene responsibility, and handwashing facility status was relatively even.
Majority of toilets were not owned by the household (resident), but externally (74.1%) which
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Table 1. Socio-demographic characteristics of the household head (N = 205).

Characteristic N (%)
Age

18-29yo 54 (26.3)

30’s 58 (28.3)

40’s 48 (23.4)

>50 45 (22.0)
Gender

Male 34 (16.6)

Female 171 (83.4)
Marital Status

Married/Living together 145 (70.7)

Single 60 (29.3)
Education

Secondary/above 100 (48.8)

Primary/below 105 (51.2)
Employment

Employed 86 (42.0)

Unemployed 119 (58.0)
Income

Regular 52 (25.4)

Irregular 153 (74.6)
House Ownership

Resident/Family 91 (44.4)

Rental 114 (55.6)
Household Members

<5 persons 128 (62.4)

>6 persons 77 (37.6)

https://doi.org/10.1371/journal.pone.0232763.t001

was also reflected in 80.5% of toilets being shared. The majority of shared toilets were used by
<5 households (73.2%); the maximum number of households registered as using one toilet
was 20 (Median = 3), and the maximum number of persons using one toilet was 33

(Median = 9.5). To incorporate the aspect of toilet sharing into number of toilet users, we con-
sidered the sharing of 1 toilet by 2 average households (N = 9.4 persons). As such, toilet users
were divided into <9 persons (49.3%) vs. >10 persons (50.7%).

With multiple users and owners of sanitation facilities, the responsibilities of toilet cleaning,
maintenance (in case of toilet damage, or emptying) and hygiene (the supply of hygiene mate-
rials such as toilet paper, cleaning materials and handwashing station for example) were
divided into resident and external [12]. Resident management of toilet cleaning and hygiene
was at 49.8% and 53.7% respectively. Most participants reported that toilet cleaning was done
several times a day to daily (92.7%). The majority of toilets (89.8%) underwent a form of main-
tenance when damaged, malfunctioning or full (including emptying for pit latrines); of the
sample, 29.6% of participants attested to use of a chamber. Access to improved toilet facility
was at 72.7%, and drinking water at 84.9%. Having a handwashing facility was at 41.0%.
Household diarrhoea prevalence within the past 2 weeks was at 8.3%.

Factors contributing to improved toilet facility access

Table 3 gives results for logistic regression analysis of factors associated with households hav-
ing access to an improved toilet facility. The significant independent predictors that increased
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Table 2. Household WASH characteristics and diarrhoea prevalence.

Characteristic N (%)
Toilet ownership

Resident 53 (25.9)

External (Landlord/Other) 152 (74.1)
Private vs. Shared toilet

Private 40 (19.5)

Shared 165 (80.5)
Households using toilet

<5 households 150 (73.2)

>6 households 55 (26.8)
Persons using toilet

<9 persons 100 (48.8)

>10 persons 105 (51.2)
Responsible: Toilet cleaning

Resident 102 (49.8)

External (Landlord/Other) 103 (50.2)
Toilet cleaning frequency

Several times a day to Daily 190 (92.7)

Several times a week to Never 15(7.3)

Toilet maintenance (+Emptying)

Yes 184 (89.8)

No 21 (10.2)
Responsible: Toilet Hygiene

Resident 110 (53.7)

External (Landlord/Other) 95 (46.3)
Toilet facility

Improved 149 (72.7)

Unimproved 56 (27.3)
Drinking water

Improved 174 (84.9)

Unimproved 31(15.1)
Handwashing

Facility 84 (41.0)

No Facility 121 (59.0)
Chamber use

Yes 61 (29.8)

No 144 (70.2)
Diarrhoea prevalence

Yes 17 (8.3)

No 188 (91.7)

https://doi.org/10.1371/journal.pone.0232763.1002

odds for improved toilet facility access and use were regular household income (AOR = 6.29,
95% confidence interval [CI]: 1.71-23.14), having a private toilet (AOR = 4.43, 95% CI: 1.42-
13.87), having access to a handwashing facility (AOR = 7.98, 95% CI: 2.90-21.95), improved
drinking water (AOR = 4.80, 95% CI: 1.68-13.77), and households with diarrhoea prevalence
(AOR =10.89, 95% CI: 1.54-77.10). The odds of having access to an improved toilet facility
were less for persons who used chambers (AOR = 0.27, 95% CI: 0.12-0.64).
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Table 3. Logistic regression analysis of factors associated with improved toilet facility access.

Variable Improved facility, N (%) AOR (95% CI)
Income
Regular 49 (94.23) 6.29 (1.71-23.14)**
Irregular 100 (65.36) 1
Private vs. Shared toilet
Private 34 (85.00) 443 (1.42-13.87)*
Shared 115 (69.70) 1
Handwashing
Facility 78 (92.86) 7.98 (2.90-21.95)**
No Facility 71 (58.68) 1
Drinking water
Improved 139 (79.89) 4.80 (1.68-13.77)**
Unimproved 10 (32.26) 1
Chamber use
Yes 36 (59.02) 0.27 (0.12-0.64)**
No 113 (78.47) 1
Diarrhoea prevalence
Yes 15 (88.24) 10.89 (1.54-77.10)*
No 134 (71.28) 1
*P < .05;
P <.01

https://doi.org/10.1371/journal.pone.0232763.t003

Factors contributing to chamber use

Table 4 shows the logistic regression analysis of factors associated with using a chamber. Inde-
pendent predictors of using a chamber were being female (AOR = 3.41, 95% CI: 1.10-10.53),

Table 4. Logistic regression analysis of factors associated with chamber use.

Characteristics Using a chamber, N (%) AOR (95% CI)
Gender

Male 6 (17.65) 1

Female 55 (32.16) 3.41 (1.10-10.53)*
Toilet ownership

External (Landlord/Other) 25 (47.17) 1

Resident 36 (23.68) 4.14 (1.81-9.48)**
Responsible: Toilet hygiene

Resident 24 (21.82) 1

External (Landlord/Other) 37 (38.95) 3.36 (1.56-7.25)**
Diarrhoea prevalence

No 50 (26.60) 1

Yes 11 (64.71) 6.49 (1.99-21.11)**
Toilet facility

Improved 36 (24.16) 1

Unimproved 25 (44.64) 2.33(1.12-4.87)*
“P < .05;
P <.01

https://doi.org/10.1371/journal.pone.0232763.t004
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residents ownership of the toilet (AOR = 4.14, 95% CI: 1.81-9.48), and toilet hygiene being
handled externally (AOR = 3.36, 95% CI: 1.56-7.25). Additionally, chamber users had higher
odds of having diarrhoea (AOR = 6.49, 95% CI: 1.99-21.11) and were more likely to have an
unimproved toilet facility (AOR = 2.33, 95% CI: 1.12-4.87).

Table 4 indicated that the odds of chamber use were higher for households with access to
unimproved toilets. Additional data analysis further revealed that unimproved toilets were
more likely owned by residents than external toilet owners like landlords (OR = 2.46, 95% CI:
1.26-4.80; p < .01). Moreover, resident/family house ownership also increased the odds of
having access to private facilities (OR = 4.38, 95% CI: 2.04-9.39; p < .01)

Factors contributing to household diarrhoea prevalence

Table 5 shows the logistic regression analysis of factors associated with household member
diarrhoea prevalence in the past 2 weeks. Number of households using a toilet and whether a
toilet was private or shared did not offer any significant result to diarrhoea prevalence. Higher
odds were found however, for having a toilet used by >10 people and having diarrhoea

(AOR =3.80,95% CI: 1.11-13.08). The odds for having diarrhoea were found to be lower for
persons not using a chamber (AOR = 0.16, 95% CI: 0.05-0.48) and using an unimproved toilet
facility (AOR = 0.18, 95% CI: 0.04-0.90). Access to improved drinking water and having a
handwashing facility gave no significant results.

Discussion
Sociodemographic characteristics

Participant socio-demographics (see Table 1) revealed some important characteristics to con-
sider about peri-urban residents and lifestyle. Consistent with a previous study [12] but incon-
sistent with government data [5], female headed households were most common (83.4%); and
most respondents were either married or living together (70.7%). The study also had 26% of
household heads in the age range of 18-29 years. There could be several reasons for this find-
ing. Firstly, the definition of household head is not linked to age, gender, marital or economic
status; primary focus is on normal daily decision making pertaining to running of the house-
hold [5]. Secondly, national statistics show that women have higher poverty levels, possibly
impacting female residential choices [13]. Thirdly, Zambia has a relatively young population:
over 60% are under 25 years of age, with a life expectancy of 49 and 53 years for men and

Table 5. Logistic regression analysis of factors associated with household diarrhoea prevalence.

Characteristics Having diarrhoea, N (%) AOR (95% CI)
Persons using toilet

<9 persons 4 (4.00) 1

>10 persons 13 (12.38) 3.80 (1.11-13.08)*
Chamber use

Yes 11 (18.03) 1

No 6 (4.17) 0.16 (0.05-0.48)**
Toilet facility

Improved 15 (10.07) 1

Unimproved 2(3.57) 0.18 (0.04-0.90)*
*P < .05;
P < .01

https://doi.org/10.1371/journal.pone.0232763.t005
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women respectively [13]. Diseases such as malaria and tuberculosis are some that have
impacted the Zambian population pyramid, leaving several young and more elderly persons to
fend for even younger family, bearing economic impacts. National statistics show that the larg-
est age group of household heads is 18-29 years [5]. Of the overall sample, 58.0% were unem-
ployed, higher than the 31% registered across the peri-urban [17]. Only 25.4% received regular
income. Whilst income level has been noted to have an impact on sanitation [18], the study
findings were linked to income consistency.

In addition to the status of the household head, several studies have linked house ownership
to WASH decision making [12,19,20] with landlords in most instances, having more say on
household WASH than their tenants (residents). The sample offered a good balance between
participants who were renting houses (55.6%) and those staying in their own, or family owned
households (44.4%). Ownership of the household by the resident, or family meant more auton-
omy on WASH decision making [12,19,20]. Lastly, being a high density area, the number of
household members was considered. According to the 2015 Living Conditions Monitoring
Survey, average household size in urban Lusaka is 4.7 persons [5].

Household WASH characteristics and diarrhoea prevalence

Just as household ownership has an impact on WASH decision making and management, toi-
let ownership has an impact on sanitation decision making and management (toilet type,
cleaning, cleaning frequency, maintenance and hygiene), determining responsible persons. In
the peri-urban where shared WASH is a commonality, these could be the resident, neighbour,
landlord, family member or a private/public patron [12,19]. The aspect of responsibility seeks
to discuss the level of autonomy for household sanitation and the subsequent bureaucracies
that arise from having joint responsibility for, having no responsibility for, or being at the
mercy of a second party’s decision making. This raises questions like: how free do residents
feel to use the facilities? To what extent can residents choose or make amendments to their
sanitation? How quickly can/do external parties react to sanitation challenges? How much lia-
bility is placed on residents? Residents owning their own toilet was only at 25.9%, with 80.5%
of toilets being shared by 2 or more households. Toilet sharing is highly characteristic of peri-
urban settlements due to insufficient space for toilet construction and land tenure for example
[19,20], and has been more recently encouraged by WHO as an acceptable alternative to not
owning a toilet in high density areas [1].

Toilet cleaning was at 49.8% for residents vs. 50.2% external; toilet hygiene was the inverse
at 53.7% for residents and 46.3% for external persons. Toilets were said to be cleaned at least
daily (92.7%). Toilet maintenance, a less frequent need, was not done by 10.2% of the house-
holds. Access to improved toilet facility was at 72.7%. Due to the facility focus of the study
however, this statistic is not easily comparable with government peri-urban data which
includes non-facility sanitation under the unimproved bracket. For peri-urban access to
improved drinking water, current study findings were almost 2 times higher than government
statistics (84.9% vs. 44%) [5]. This could be due to the location of 2 of the 3 zones where data
collection was done (closer to the main road, and public facilities), warranting an easier access
to basic services and facilities [21].

Despite all households having access to toilet facilities, use of chambers was at 29.8%. Multi-
variate stepwise logistic regression computed by this study offered insight towards understand-
ing why chambers still maintained relevance among persons with toilet access, even of
improved level. Finally, household diarrhoea prevalence for the last 2 weeks was at 8.3%. Data
collection was done in September-October, Zambia’s hot and dry season. During this time of
year, there is no rainfall and therefore, diarrhoea prevalence is generally low [13,22]. As the
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point of understanding diarrhoea prevalence was to understand risk related to sanitation
choices, assessing risk during low prevalence periods would give better revelations pertaining
to sanitation choices.

Factors contributing to improved toilet facility access

The household head having regular income increased the odds of having an improved toilet by
6.3% (AOR = 6.29, 95% CI: 1.71-23.14). Several studies have linked sanitation choices to
income, economic status and willingness to pay for services amongst others [10,12,20,23].
Despite access to sanitation being declared a basic human right however, it still comes at a cost
which several governments and citizenry cannot afford [23]. This finding indicates sanitation
as an investment; with regular income supporting planning, peri-urban residents made the
effort towards accessing improved toilet facilities. It also supports the possible benefits of subsi-
dies, payment and investment plans in the area of sanitation acquisition [18].

More often, private toilets proved to be improved facilities (AOR = 4.43, 95% CI: 1.42-
13.87). With this result, it can be assumed that in addition to regular income, having private
facilities gave more autonomy for choice on type of sanitation procurement [20]. With the
more recent WHO Guidelines on Sanitation and Health considering shared toilets as a solu-
tion in densely populated areas [1] running alongside the popularity of shared facilities as per
our sample (80.5%), collaborations between households for the procurement of improved
shared toilet facilities might pose as a suitable solution.

In a study by Tidwell et.al. focused on shared facilities, findings indicated that toilet owners
(predominantly landlords) worried about their tenants’ ability to afford improved sanitation and
thus, opted for cheaper toilet models [12]. Their successful intervention towards improvement of
peri-urban sanitation facilities through creating dialogue among landlords and their tenants
allowed for joint autonomy, collaboration and decision making towards access to improved sani-
tation. It also opens the door to more communal and social sanitation opportunities.

Households’ availability of a handwashing facility also increased the odds of having an
improved toilet (AOR = 7.98, 95% CI: 2.90-21.95). Improved toilets were also significantly
correlated to having improved drinking water access (AOR = 4.80, 95% CI: 1.68-13.77).
Knowledge on handwashing is often revealed through an analysis of WASH knowledge, atti-
tudes and practices, or linked to education [24]. In this study, however, household heads edu-
cation level bore no significance. Rather, similar to having a handwashing facility, the
availability of accessible water for toilet flushing, cleaning, handwashing and hygiene would be
a plausible consideration to determine the type of sanitation facility selected by the household
[25]. As such, improved water access would preclude greater investment in toilet facility and
higher likelihood of access to handwashing facility (both facilities requiring water availability).

A seemingly unexpected result was that having an improved toilet facility increased the odds
of household diarrhoea prevalence by 10.9% (AOR = 10.89, 95% CI: 1.54-77.10). It must be
stressed at this juncture that diarrhoea, beyond being waterborne, is spread through faecal oral
transmission [1]. Toilets are therefore likely places for faecal contamination, particularly when
proper toilet structure, maintenance, use and hygiene are not considered. This prompts sanitation
recommendations to go beyond encouragement towards procurement of improved toilet facili-
ties to more education on toilet hygiene and maintenance. Blind recommendation towards use of
improved toilets minus consideration of these factors may reduce open defecation, but increase
toilet users’ access to faecal contamination, thereby escalating risk of contamination and diar-
rhoea prevalence through toilet use [25,26]. It should be noted that though the result was signifi-
cant (p < .05), the 95% CI range for diarrhoea prevalence was quite wide (95% CI: 1.54-77.10)
indicating that though valid, this result may not be a good reflection of this specific sample.
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Lastly, access to an improved sanitation facility reduced the odds for chamber use
(AOR =0.27,95% CI: 0.12-0.64). With most improved facilities being private, having a hand-
washing facility and having access to improved drinking water supply, it could be assumed
that the level of convenience offered did not warrant the need for alternative sanitation. This is
a positive result, indicating the suitability of the sanitation system for peri-urban residents,
particularly when all WASH facilities were available and of improved status [25]. It also offers
credence to the SDG targets 1.4 [1] relating to the need for universal acquisition of basic ser-
vices (inclusive of basic WASH).

Factors contributing to chamber use

All chamber users attested to having access to a toilet. As such, findings show chambers as
complementary to the primary toilet facility regardless of whether the toilet was improved
(24.16%) or unimproved (44.64%). This chamber use despite access to toilet facilities indicates
inefficiencies with the primary toilet facility for users. For successful intervention towards the
eradication of open defecation and a complete move to improved sanitation, these inefficien-
cies must be explored. This requires looking at chambers as a chosen alternative to both open
defecation and toilet facilities.

Findings indicated that odds of using a chamber were higher for those having an unim-
proved facility (AOR = 2.33, 95% CI: 1.12-4.87). Chamber use was also higher when residents
owned their own toilet facility (AOR = 4.14, 95% CI: 1.81-9.48). Studies have found that toilet
sharing, more common with external toilets, had an impact on freedom of toilet use [23,27];
and as such, residents owning their own toilet would be expected to offer more freedom of toi-
let use to the household. Whether a toilet was private or shared however, rendered an insignifi-
cant result.

A further look indicated unimproved toilets as more likely owned by residents (OR = 2.46,
95% CI: 1.26-4.80) and that resident/family owned houses had increased odds of accessing pri-
vate facilities (OR = 4.38, 95% CI: 2.04-9.39). With residents already owning private, unim-
proved toilet facilities, use of chambers would firstly, more likely create minimal tension to
users as there would be no major shift in sanitation level (both are unimproved forms of sani-
tation). Note also, that there are several overlaps in the reasons for open defecation [27] and
chamber use as indicated in the current study, i.e., gender restrictions, toilet ownership and
hygiene. Secondly, chambers may in some instances, carry more benefit to users in terms of
comfort and/or ease of use when compared to their unimproved toilet facility.

That residents would own private toilet facilities in itself indicates the household will to
have their own sanitation facilities. As much as results indicated positive correlations between
having a private toilet and access to improved facilities, pairing this finding with the cost impli-
cations of having an improved toilet (see Table 3) may indicate some opportune benefits for
toilet sharing in relation to acquisition of improved toilets amongst the urban poor seeking to
own facilities, but limited by cost.

A third possibility could be that residents ownership of their own private facilities averted
social pressures for good sanitation practices that may come from the use of shared facilities,
i.e., cleaning, maintenance and hygiene [28]. However, this finding was not corroborated with
study results. Chamber use was actually more likely when toilet hygiene was handled externally
(AOR = 3.36, 95% CI: 1.56-7.25). If responsible persons did not fulfil their duty, toilet users
could find it more convenient to use chambers and make use of private hygiene materials; ren-
dering the use of a toilet hygienically insignificant [26,27].

Studies covering toilet hygiene for shared facilities have indicated the challenges of shared
facilities in comparison to private ones, citing the importance of duty rotas and accountability
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for improved toilet access and use [12]. There was however, no significant result rendered
between private vs. shared toilets and toilet hygiene, cleaning, cleaning frequency and mainte-
nance in the present study. Social pressure for the improvement of sanitation has been used by
a number of studies successfully [12,29], and could be an avenue worthy of more research for
shared facilities in high density areas.

Findings revealed that gender also played a role in chamber use with females having higher
odds for use (AOR = 3.41, 95% CI: 1.10-10.53). In line with previous studies [10,26,30], cham-
bers were often considered convenient, private and safe. With pit latrines being outdoor sani-
tation facilities, use at late hours carried risk, particularly to female toilet users who feared
being attacked or harassed by male users. Chambers were also found convenient in times of ill-
ness, where constant journeying to the toilet would be strenuous, driving home that the toilet
model was not convenient for all toilet users.

Lastly, chamber use increased the odds of household diarrhoea prevalence (AOR = 6.49,
95% CI: 1.99-21.11). This is most likely due to faecal management before and after disposal
which creates opportunity for faecal contact [30]. Chambers can be used inside or outside the
house. As diarrhoea is spread through faecal contamination, poor storage of faeces within the
house increases the risk of ingestion of faeces. With poor storage and usage, spillage, disposal,
flies and other house insects, rodents and small children all become actors in increasing faecal
contact within and around the household.

If chambers are reusable, cleaning them also poses a health risk through increased faecal
contact. If not, chambers can be disposed of in the toilet (depending on the toilet and chamber
type, this could lead to blockage and/or failure to empty the facility), with solid waste or
thrown as a flying toilet (tossed in an open space) [30]. Disposal into open spaces or solid
waste is part of the definition of open defecation [9] which has been proven a health risk
increasing diarrhoea prevalence.

Factors contributing to household diarrhoea prevalence

With both improved and unimproved sanitation bearing risk to household diarrhoea preva-
lence (see Tables 3-5), further analysis of peri-urban socio-demographics linked to diarrhoea
prevalence and sanitation characteristics were made. Interestingly, there was no significant
risk between diarrhoea prevalence and drinking water or handwashing. There were also no
significant findings linking household diarrhoea prevalence and the frequency of toilet clean-
ing or if toilet maintenance and emptying was conducted.

The only significant result found in addition to having an improved toilet facility and using
a chamber was the number of persons using the toilet. Toilets used by >10 persons were found
to increase the risk of household diarrhoea prevalence (AOR = 3.80, 95% CI: 1.11-13.08).
Rather than households, the focus on number of persons using the toilet allows a more direct
count of users, bearing in mind household dynamics, i.e., the extended family system and
communal society. It takes into account both the formal and informal nature of toilet sharing
which private toilets are not removed from due to the fact that some private toilets may have
more usage than shared toilets due to the number of household members and overall users.
That said, number of households using a toilet and whether a toilet was private or shared did
not offer any significant result to diarrhoea prevalence.

Attention to and control of the number of users may help to tackle aspects of overuse, misuse
and subsequent faecal contamination. With the status quo of the peri-urban however, this act
may not be feasible: space for toilet construction may be lacking and the costs of management
for additional toilet facilities would be considered high [23]. Nevertheless, the finding reiterates
firstly, that the call to end open defecation primarily through the use of toilet facilities shifts
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faecal contamination points from open air locations to toilets, defeating the purpose of installa-
tion and use of these facilities [23,25,26]. Secondly, that in the promotion of toilet ownership
and usage, education on how to use and maintain facilities should be considered a package deal
to allow the reasons for promoting toilet use against open defecation to retain meaning
[23,25,26]. An important point to be garnered from the results is the inability of sanitation facil-
ities on their own, whether improved or unimproved, to alleviate the disease burden. Proper
use and maintenance must be considered to allow safe use of facilities by multiple users.

Limitations of the study

The sufficient yet small sample size would mean that a larger, more spread out sample may
grant more detail about the nature of peri-urban sanitation. That said, it is not possible to gener-
alise these findings across all national and international peri-urban settlements. Cross-sectional
studies conducted at a different time point may also give more information on household diar-
rhoea prevalence and its implications on chamber usage. Lastly, tenants’ opting out of the study
in preference for their landlords’ participation may have had an impact on findings.

Conclusion

Key findings of the study indicate a duality of peri-urban sanitation, with households making
use of both improved and unimproved sanitation. Sociodemographic characteristics related to
use of improved toilet facility and chambers were income and gender respectively. The impact
of income on sanitation is a reflection of the cost implications that hinder the right to sanita-
tion for the urban poor; whilst the gender disparity on chamber use indicates the diverse needs
of women and girls, and the subsequent social disparities often overlooked relating to the ade-
quate provision of peri-urban sanitation.

Findings also highlighted an interlinkage between household WASH access and quality,
with the ownership of an improved toilet facility predicting improved drinking water, presence
of hygiene facility and lowering the odds of chamber use (unimproved sanitation methods),
but like chambers, having high odds for household diarrhoea prevalence. This indicates ineffi-
ciencies with the system requiring alternatives and a failure of the facility to protect users’
from faecal contamination. The result prompts a shift towards education on proper toilet facil-
ity use and management to reduce health risk in high density areas, particularly with an
increased number of users heightening risk. For unimproved toilet users (the more likely to
use chambers), it indicates the ease of use within service level brackets (unimproved facility to
unimproved facility). With residents seeking to own private toilets regardless of service level,
the quality of the facility owned could be accounted to cost.

In summary, in order to truly meet and achieve the intended benefits of SDG targets
towards eradication of open defecation towards improved health and well-being in the peri-
urban, the duality of peri-urban sanitation must be addressed. Whilst improved sanitation
facilities hold some benefit, the current sanitation systems used in peri-urban Lusaka, Zambia
do not fully cater for the needs of the urban poor, women and girls, being inaccessible by cost
and, gender and social dynamics respectively.

Recommendations for peri-urban sanitation

As indicated in the WHO-UNICEF Core Guidelines, sharing of toilets is a plausible solution
for high density sanitation. Interventions focused on collaborations between households for
the procurement of improved shared toilet facilities would aid in a move towards improved
sanitation access [12,31]. Creating collaborations would tackle aspects of improved toilet con-
struction and maintenance for joint, landlord and public toilets. With results indicating a
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recognition and willingness by residents to own toilets despite monetary constraints, financial
strategies such as pooling of funds and payment plans can be considered/encouraged for the
urban poor, aiding towards the procurement and construction of improved private, shared
and public toilet facilities. Considering the high cost that current toilet models already have
despite their inability to cover all user requirements, greater value would be gained by users for
a model that, despite costs, can cover all required needs. More so, when used by neighbour-
hoods as public facilities, these models could become sources of communal income. Similar
systems could also be trialled for communal drinking water and handwashing improvements.

With peri-urban WASH proving to be quite communal (shared facilities) rather than pri-
vate (per household), a WASH ladder for high density areas might prove beneficial, taking
into account facility management, and common cultural, demographic needs and differences.
As this study primarily focused on peri-urban sanitation, a High Density Sanitation Ladder
(Fig 2) was created for consideration through amending the 2017 WHO-UNICEF JMP sanita-
tion ladder (changes to the original ladder are indicated in bold) [9].

SAFELY MANAGED

BASIC

LIMITED

UNIMPROVED
(No change)

OPEN DEFECATION
(No change)

Use of improved private or shared facilities, usable by all toilet
users, at all times (no co-use of unimproved sanitation) with an
available responsibility plan or rota and where excreta are safely
disposed of in situ or transported and treated offsite

Use of improved private or shared facilities, usable by all toilet
users, at all times (no co-use of unimproved sanitation) with an
available responsibility plan or rota

Use of improved private or shared facilities
Use of pit latrines without a slab or platform, hanging latrines or
bucket latrines [Chambers come here]

Disposal of human faeces in fields, forests, bushes. Open bodies or
water, beaches or other open spaces, or with solid waste
[Depending on disposal, chambers come here]

LIMITED
SERVICE

Fig 2. Recommended high density sanitation ladder. Caption Credits: Progress on Drinking Water, Sanitation and Hygiene: 2017
Update and SDG Baselines. Geneva: World Health Organization (WHO) and the United Nations Children’s Fund (UNICEF), 2017.

Licence: CC BY-NC-SA 3.0 IGO.

https://doi.org/10.1371/journal.pone.0232763.9002

PLOS ONE | https://doi.org/10.1371/journal.pone.0232763 May 13, 2020 16/19


https://doi.org/10.1371/journal.pone.0232763.g002
https://doi.org/10.1371/journal.pone.0232763

PLOS ONE

Factors influencing sanitation and diarrhoea in a peri-urban settlement of Lusaka, Zambia

The ladder incorporates the unique sanitation needs in high density areas through taking
note of universal use, complete access and sanitation management regardless of toilets private
or shared status. That said, private/shared status has no impact on sanitation level in the sug-
gested model. The upgrade from limited to basic is based on the limited facility being usable
by all toilet users, at all times (no co-use of unimproved sanitation) with an available responsi-
bility plan or rota. The upgrade from Basic to Safely Managed contains all these plus faecal dis-
posal as per the original 2017 WHO-UNICEF JMP model. Further studies can be done to look
at water and hygiene in high density areas. Additionally, more intervention studies can be
done to look into the possible benefits of using social pressure for the improvement of shared
sanitation.

Based on the health impacts of chamber use and it’s similarities to open defecation, future
assessments to determine progress on open defecation should consider all modes of household
sanitation including chamber use regardless of households’ available sanitation facility. This
will help in tackling all forms of unimproved sanitation simultaneously to avoid shifting within
sanitation ladder brackets and rather, encourage upgrading.
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