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Abstract

Background: More than 761 million people rely on shared sanitation facilities. These have historically been excluded from
international sanitation targets, regardless of the service level, due to concerns about acceptability, hygiene and access. In
connection with a proposed change in such policy, we undertook this review to identify and summarize existing evidence
that compares health outcomes associated with shared sanitation versus individual household latrines.

Methods and Findings: Shared sanitation included any type of facilities intended for the containment of human faeces and
used by more than one household, but excluded public facilities. Health outcomes included diarrhoea, helminth infections,
enteric fevers, other faecal-oral diseases, trachoma and adverse maternal or birth outcomes. Studies were included
regardless of design, location, language or publication status. Studies were assessed for methodological quality using the
STROBE guidelines. Twenty-two studies conducted in 21 countries met the inclusion criteria. Studies show a pattern of
increased risk of adverse health outcomes associated with shared sanitation compared to individual household latrines. A
meta-analysis of 12 studies reporting on diarrhoea found increased odds of disease associated with reliance on shared
sanitation (odds ratio (OR) 1.44, 95% Cl: 1.18-1.76).

Conclusion: Evidence to date does not support a change of existing policy of excluding shared sanitation from the
definition of improved sanitation used in international monitoring and targets. However, such evidence is limited, does not
adequately address likely confounding, and does not identify potentially important distinctions among types of shared
facilities. As reliance on shared sanitation is increasing, further research is necessary to determine the circumstances, if any,
under which shared sanitation can offer a safe, appropriate and acceptable alternative to individual household latrines.
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Introduction

Unsanitary disposal of human excreta, together with unsafe
drinking water and poor hygiene conditions, is a leading cause of
morbidity and mortality in low-income countries [1,2]. Much of
this disease burden consists of diarrhoeal disease, a leading killer of
young children. In addition, inadequate sanitation is implicated in
schistosomiasis, helminth infections, enteric fevers and trachoma
[3]. Lack of access to sanitation also has significant non-health
consequences, particularly for women and girls, including lack of
security and privacy, decreased school attendance and basic
human dignity [4].

An estimated 2.5 billion people lack access to improved
sanitation facilities [5]. In developing regions where people are
most vulnerable to infection, only one in every three people has
access to improved sanitation [5]. At the current pace, the
Millennium Development Goal (MDG) sanitation target—to halve
the proportion of people with access to basic sanitation by 2015—
Is set to miss the target by half a billion people [5].
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The MDG target, which is expressed in terms of ‘basic
sanitation’, was deemed to be context specific and to include
‘the lowest-cost option for securing sustainable access to safe,
hygienic, and convenient facilities and services for excreta and
sullage disposal that provide privacy and dignity, while at the same
time ensuring a clean and healthful living environment both at
home and in the neighbourhood of users’ [6]. However, the Joint
Monitoring Programme for Water Supply and Sanitation (JMP),
which monitors progress toward the target, defines “improved
sanitation” in terms of service levels. This includes a private flush
or pour-flush toilet or latrine connected to a piped sewer system or
septic system, a simple pit latrine with a slab, a ventilated
improved pit latrine or a composing toilet. Any other flush or
pour-flush latrine, an open pit latrine, bucket latrine, a hanging
latrine, or open defecation is “‘unimproved” and not scored toward
the MDG target [5].

Significantly, public and other “shared facilities”—those used
by two or more households—are excluded from the definition of
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Table 1. Electronic databases searched.

Systematic Review of Shared Sanitation

Database

Last search date Number of results

EMBASE
MEDLINE

CAB Abstracts,
Global Health,
HMIC,

OvidSP (Ovid Technologies 2013)

Social Policy & Practice
DESASTRES

LEYES

LILACS

MedCarib

REPIDISCA

Virtual Health Library

Individually searched databases Africa wide
Cochrane
IMEMR
CEHA

HISA
WPRIM
WANFANG

CNKI

Chinese language databases

October 7™, 2013 4248
October 7™, 2013 2976
October 12%, 2013 6586
October 7™, 2013 5660
October 7%, 2013 74
October 7™, 2013 42
October 3", 2013 332
October 3, 2013 29
October 3, 2013 36
October 3, 2013 28
October 3, 2013 73
October 4™, 2013 3495
October 3, 2013 16
October 4™ 2013 10
October 4™, 2013 2
October 4™, 2013 5
October 4™, 2013 4
October 23, 2013 915
Ocotber 23, 2013 946

doi:10.1371/journal.pone.0093300.t001

“improved sanitation” regardless of the service level [7]. The
reason stems from concerns that shared facilities are unacceptable,
both in terms of cleanliness (toilets may not be hygienic and fully
separate human waste from contact with users) and accessibility
(facilities may not be available at night or during periods of high
demand) [5].

Nevertheless, shared facilities represent a large and growing
proportion of sanitation options available in low-income countries.
Nearly a fifth of the population of sub-Saharan Africa (18%) and
Eastern Asia (19%) reports using shared sanitation; the practice is
particularly common in Ghana (59%), Congo, and Gabon (both
34%) [5]. Globally, the number of users has increased by 437 million
since 1990 — increasing from 6 per cent of the global population to 11
per cent in 21 years. In many countries, particularly in crowded
urban areas, shared sanitation is the only viable option for those
wishing to avoid open defecation; in rural areas, families often keep
costs down by sharing latrines between one or more households with
family ties [8]. In addition, shared sanitation might provide the
opportunity for individuals to move away from open defecation and
take the first step on the sanitation ladder.

Perhaps as a result, the JMP is considering a revision to its
policy that would include shared sanitation as “improved” — and
thus scored toward the post-MDG targets — if the facilities meet
the required level of service and are shared among no more than 5
families or 30 persons, whichever is fewer [5]. This proposed
change is based on advice from an expert committee [9].

We undertook this review to examine the evidence comparing
the impact of shared sanitation versus individual household
latrines (IHLs) on health outcomes.

Methods

The review was undertaken in accordance with a protocol, a
copy of which is available on request.
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Eligibility criteria

Studies were eligible for inclusion if they compared health
outcomes of populations relying on shared sanitation with those
relying on IHLs. In some cases the latrine type was inferred from
the study report. For purposes of this review, shared sanitation
included any type of facilities intended for the containment of
human faeces and used primarily from home; this excludes
“public” sanitation facilities designed primarily for use by
householders when they are away from the home, such as schools,
markets, train or bus stations, city streets, health facilities,
governmental buildings or other public places. Health outcomes
included diarrhoea, helminth infections, enteric fevers, other
faecal-oral diseases, trachoma and adverse maternal or birth
outcomes. Studies were included regardless of study design,
location, language or publication status.

Information sources

Our search was performed through September 2013. We
employed keywords for health related outcomes. The full lists of
key search terms are listed in Table S2.

We performed an electronic search of 19 databases, including 2
Chinese language databases. An overview of the databases is
shown in Table 1. Where possible, the same key search terms were
used to search the grey literature sources for relevant literature.
Conference proceedings from the following institutions were
searched for relevant abstracts: WEDC (Loughborough Univer-
sity), IRC International Water and Sanitation Centre, and the
German Agency for International Cooperation (GIZ). In addition,
governmental agencies, non-governmental organisations (NGOs),
universities and others involved in funding, implementing or
investigating sanitation were contacted to solicit other studies that
met the review’s inclusion criteria. In all cases, references lists of
studies were also reviewed for additional possible studies.
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Study selection

Two authors independently examined the full text of potentially
relevant articles using the standard protocol developed by the
authors. For Chinese-language search results, a third author
undertook the same process individually.

Data collection process

Relevant data, including a brief description of the study (study
design, setting and year), details of the study population,
specifications of the sanitation facilities and the outcome measures
investigated were extracted independently from all eligible studies
by two authors. If an article lacked necessary information, we
contacted the authors or publishers to attempt to secure it.

Assessment for methodological quality

Each study included in the review was assessed for methodo-
logical quality. For observational studies, the STROBE (Strength-
ening of the Reporting of Observational studies in Epidemiology)
statement was used as a guideline to extract data on the risks of
bias. While the protocol for the review contemplated assessing
studies with a specified intervention group using the Cochrane
EPOC (Effective Practice and Organisation of Care) criteria, no
such studies met the review’s inclusion criteria.

Synthesis of results

We pooled studies reporting on diarrhoea and conducted a
meta-analysis based on a random effects model. No further
synthesis of results was undertaken to due to the limited number of
studies reporting on other health outcomes.

Results

Study selection

Execution of the search strategy resulted in 25477 titles and
abstracts. In addition, 169 unpublished documents were retrieved.
These titles and abstracts were screened and the full text articles of
202 documents were obtained for further assessment. Of these
studies, 22 documents met the review’s inclusion criteria. A
detailed overview is provided in Figure 1. Reasons for exclusion of
documents are provided in Table S5.

Study characteristics

General diarrhoea was the outcome of interest in six studies
[10-15], with two studies focusing specifically on watery diarrhoea
[16,17] and another on bloody diarrhoea [18]. While other studies
included all ages, Baker et al. [14], Chakraborty et al. [13], and
Sobel et al. [12] limited the studies to diarrhoea in children under
the age of 5 years. A variety of intestinal parasites were
investigated in seven studies [11,19-24]. Other health outcome
measures included S.yphi and S. paratyphi A [25], poliomyelitis
[26], trachoma [27], Shigella dysenteriae type 1 [28], perinatal death
and antenatal foetal death [29], preterm birth and low birth
weight [30], and hospital admissions [31]. One study investigated
diarrhoea specifically in an HIV-positive population [15].

Participants and settings. Most studies took place in urban
settings, though one conducted a comparative urban-rural
investigation [23]. Except for one study among an aboriginal
population in Australia [31], all studies were conducted in low-
and middle- income settings. Three studies were conducted in
Kenya [16-18] and two in India [10,13], Bangladesh [11,21], and
in Egypt [20,22]; and one in each of Brazil [12], Zambia [28], the
Democratic Republic of Congo [24], Nigeria [30], Malawi [23],
Zimbabwe [19], Taiwan [26], Jamaica [29], Ghana [32], Nepal

PLOS ONE | www.plosone.org

Systematic Review of Shared Sanitation

[25], South Africa [15] and Tanzania [27]. One study was
conducted in multiple countries [14]. Two studies, Shultz et al.
and Mahamud et al., were conducted in long-established refugee
camps [16,17].

The study population varied considerably, from only women in
the studies on maternal and new born health [29,30], to only men
in a study in Egypt [20]. Seven studies focused specifically on
children, with ages ranging from children under the age of 5
[13,14,22], children under the age of three [10], children aged 1-5
[12,27] and children aged 3-14 years old [23]. As many of the
health outcomes vary considerably with age, socio-economic class,
population density and other covariates, the comparability of these
results must be viewed with the significant differences in study
populations and settings in mind.

Types of shared sanitation. The types of latrines assessed
and reported on also varied considerably (Table 2). In most cases,
the common facilities were shared with other families
[14,18,23,31]; only Montgomery et al. provided information on
the number of families sharing [27]. Shultz et al. looked at three or
more households sharing a latrine (without a clearly specified
comparison group) [16]. In some instances IHL was compared to
‘sharing with at least one other family’ [12,22,26]. Olusanya et al.
[30] compared shared latrines with IHLs, though with no further
details of the type of shared latrine. Similarly, Karkey et al.
compared household latrines use versus community latrines [25],
whereas Moshabela et al. report sharing sanitation facilities with
an average of two other households [15].

In several cases, the type of shared sanitation was not well
defined, with the authors using terms such as “‘communal” [13,21]
to distinguish them from IHLs. Moreover, potentially important
information such as ownership, management or approximate
numbers of users was often omitted.

Ghosh [10] and Tuttle [28] looked at the sharing of a common
latrine, and Golding [29] considered the sharing of toilets; in these
cases, however, it was not clear that the comparison was an IHL.
Tshikuka et al. investigated the number of persons per toilet as well
as the number of people practicing open defecation [24].
Chandiwana et al. looked at the number of persons per latrine,
without specifying a comparison group [19]. In these two cases
where the number of people per toilet was reported, it was not
clear whether this was actually counted, or if an average of
households or persons per latrine was calculated.

Some studies included multiple comparisons, for example,
Khan reported on communal latrines versus private or compound
shared latrines [11] whereas Curtale looked at different settings,
including rural IHLs and some sharing of family latrines in urban
areas [20].

Study designs. All studies included in the review followed an
observational study design. These were either cross-sectional, case
control or cohort studies (Table 2).

Summary measures. The large variety of studies included
resulted in different study measures (Table 2). Odds ratios were
reported in 14 studies and for the remainder of studies only the
percentages or differences in means were reported.

Assessment of methodological quality

The Supplementary Material provides detailed information on
the methodological assessments (Table S3). Only one of the
included studies reported a sample size calculation [23]. Similarly,
only one study reported the interview response rate [27]. Seven
studies reported using some form of random sampling
[13,15,17,20,23-25], though only four of these clearly described
the randomisation method [15,17,23,25]. Eight of the 11 included
case control studies report matching of the cases and controls
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Figure 1. PRIMSA Flow Chart.
doi:10.1371/journal.pone.0093300.g001

(matched [12,14,16-18,25,27,28], while three used unmatched
cases and controls [10,15,26].)

Among the nine studies reporting on diarrhoea, only Baker et
al. and Shultz et al. used clinically confirmed cases. All others
relied on self-reported diarrhoea and failed to report on the recall
period, both potential sources of bias [33].

Outcomes

Twenty-two studies reported on health outcomes associated
with shared sanitation. These are summarized in Table 3.

Diarrhoeal disease. Nine studies investigated diarrhoeal
disease as an outcome measure (Table 3). In all but two [13,15],
sharing a latrine was found to be associated with an increased risk
of diarrhoeal disease. Shultz et al. found that sharing a latrine with
at least three households was associated with an increased risk of
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watery diarrhoea (Matched OR 2.17 [95% CI 1.01-4.68] [16].
Sobel et al. found that sharing a toilet with another household was
a risk factor for acute diarrhoea cases presented at hospital (OR
1.48 [95% CI 1.07-2.04]) [12]. Similarly Tuttle et al. reported
that households with shigella cases were more likely to share
latrines than control households (Matched OR 3.3 [95% CI 1.1—
10.2]) [28]. Initial results from a multi-country study by Baker et
al. showed increased odds of moderate and severe diarrhoea when
latrines are shared (matched OR 1.2 [95% CI 1.1-1.3]) [14]. A
significant association between shared latrines and the incidence of
diarrhoea is also reported by Ghosh et al. (p=0.008) though no
odds ratios or confidence intervals are presented [10]. Brooks et al.
report an increased risk of bloody diarrhoea if other families are
allowed to use the latrine (OR 2.40 [95% CI 1.19-4.48]), though
no data is provided on the number of families sharing latrines [18].
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Table 2. Summary of data extracted from included studies.
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Author

Study design

Type of Shared
Sanitation

Type of Comparison
Sanitation

Main outcomes

Summary measures

Brooks 2003

Chakraborty 1983

Chandiwana 1989

Curtale 1998

Ghosh 1994

Golding 1994

Hall 1994

Khan 1987

Kim-Farley 1984

Mahfouz 1997

Montgomery 2010
Munoz 1992
Olusanya 2010

Phiri 2001

Shultz 2009

Sobel 2004

Tshikuka 1994

Tuttle 1995
Baker 2011

Moshabela 2012

Karkey, 2013

Mahamud 2012

Case control

Cross sectional

Cross sectional

Cross sectional

Case control

Cross sectional

Cross sectional

Cross sectional

Case control

Cross sectional

Case control
Cohort

Cross sectional

Cross sectional

Case control

Case control
Cross sectional
Case control
Case control
(abstract)

Case control

C ase control

Case control

‘allowing other families
to use the compound
latrine’

Community latrines in
slum

Shared latrines

Family latrine not shared
with others

Sharing latrine

Toilet used by others
outside of family

Shared and community
latrine

Communal latrines in
peri urban slums

Toilet shared >1
family

Sharing toilets with
other family

Shared latrines
Communal toilet

Shared sanitation

Shared latrine

Three or more
households sharing
same latrine

Shared latrine with
other household

Sharing a toilet with
others

Shared latrine

Shared sanitation
Sharing latrine with an
average of 2 households

Community latrine

Communal latrine

Latrine for private
use
only

Private latrine
connected
to sewer

No comparison

Latrine shared with
others

Private latrine*
Toilet only used by
family

Private latrine

Open pit latrines in
peri urban slums

Private latrines*

Sole use of household
latrine*

Private latrines

Private toilet

Private sanitation

Private latrine*

Not specified

Private latrine*

Private latrine*

Private latrine*

Private latrine

Private latrine*

Household latrine

Compound latrine

Risk factors for bloody
diarrhoea

Episodes of diarrhoea

Prevalence and intensity
of hookworm and
roundworm

Prevalence and intensity
of intestinal helminth
infection

Diarrhoeal disease

Perinatal death,
antepartum fetal death

Strongyloides stercoralis
infection

Diarrhoea cases and
intestinal parasite
prevalence’

Poliomyelitis

Prevalence of intestinal
parasites and protozoa

Trachoma
Hospital admissions

Preterm and low
birthweight

Prevalence of
helminths

Watery diarrhoea

Acute diarrhoeal disease
Ascaris lumbricoides
infection

Shigella dysenteriae type1

Risk of diarrhoea

Diarrhoeal disease

Enteric infection (S. typhi or S.

paratyphi A.)

Diarrhoea and Cholera

Matched Odds Ratio (95%
(@)]

Mean

Prevalence, correlations

Prevalence

Percentages

Adjusted OR (95% ClI)

Odds ratio (95% Cl)

Prevalence

Odds ratio (95% Cl)

Adjusted OR (95% ClI)

Adjusted OR (95% Cl)
Percentages, factor scores
Unadjusted OR (95% Cl)

Adjusted OR (95% ClI)

Matched OR (95% Cl)

Matched OR (95% ClI)

Means, Beta coefficient

Matched OR (95% Cl)
Matched OR (95% Cl)

Prevalence

Adjusted OR (95% Cl)

Odds ratio (95% Cl)

*Latrine type inferred from study report.

doi:10.1371/journal.pone.0093300.t002

Chakraborty et al. found no difference in the incidence of
diarrhoea between children living in the slum, where public
latrines are available, and children living in a housing project,
where each family had their own latrine [13]. It must be noted
however, that the study population is children under 5 years, and
the study also reports that few of these young children use latrines,
irrespective of where they live. Similarly, Moshabela et al. found
no difference between diarrhoeal disease for those reporting
sharing sanitation facilities with other households (25.3% of cases
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Study mentions measurement of incidence. As this is a cross sectional study, it is interpreted as prevalence.

and 23.7% of controls shared sanitation facilities, p = 0.76). All the
subjects in this study were HIV positive individuals [15].

The studies reporting an effect on diarrhoea have been pooled
in a meta-analysis using a random effects model (Figure 2). This
yielded a pooled odds ratio (OR) of 1.44 (95%CI: 1.18-1.76),
suggesting increased risk associated with shared sanitation. The
pooled estimate is characterized by substantial heterogeneity
(I =77.9%). Some of the studies contributing data to our pooled
analysis (Figure 2) on the effect of shared sanitation on diarrhoea is
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Table 3. Summary of health outcomes.

Systematic Review of Shared Sanitation

Author

Study design

Main outcomes

Outcome measure

Diarrhoea
Brooks 2003
Chakraborty 1983

Khan 1987

Baker 2011
Shultz 2009
Sobel 2004
Ghosh 1994
Moshabela 2012

Mahamud 2012
Helminths

Chandiwana 1989

Curtale 1998

Hall 1994
Mahfouz 1997

Phiri 2001

Tshikuka 1994

Other health outcomes
Tuttle 1995

Karkey 2013

Case control

Cross sectional

Cross sectional

Case control (abstract)
Case control

Case control

Case control

Case control

Case control

Cross sectional

Cross sectional

Cross sectional

Cross sectional

Cross sectional

Cross sectional

Case control

Case control

Risk factors for bloody diarrhoea

Episodes of diarrhoea

Diarrhoea cases and intestinal parasite
prevalence

Risk of severe to moderate diarrhoea
Watery diarrhoea

Acute diarrhoeal disease

Diarrhoeal disease

Diarrhoeal disease

Watery diarrhoea/cholera

Prevalence and intensity of hookworm
and roundworm

Prevalence and intensity of intestinal
helminth infection

Strongyloides stercoralis infection

Prevalence of intestinal parasites and
protozoa

Prevalence of helminths

Ascaris lumbricoides infection

Shigella dysenteriae type1
S. typhi and S. paratyphi A

OR 2.40 (95% CI 1.19-4.48)

On average, there were 1.6 episodes of diarrhoea in the slum,
versus 1.4 in the housing project

On average, there were 0.81 episodes of diarrhoea in the area
with communal latrines, versus 0.7 in the area with open pit
latrines (p<<0.01). No Cl.

OR 1.20 (95% CI 1.1-1.3)

OR 2.17 (95% CI 1.01-4.68)
OR 1.48 (95% CI 1.07-2.04)
P=0.008 No Cl.

25.3% of cases and 23.7% of controls
(p=0.76)reported sharing sanitation

OR 3.33 (95% CI 1.34-8.30)

Correlations between number of households and hookworm
r=0.72, (P<0.1), roundworm r= —0.009, (P<0.1)

Sharing latrines and the absence of piped water in the house
were associated with a significantly higher intensity of infection
for A. Lumbricoides (p<<0.001) and T. Trichiura (p<<0.05)

OR 2.72 (95% Cl 1.57-4.72)

Intestinal helminths: OR 1.95 (95% Cl 1.38-2.75) Protozoa: OR
1.65 (95% Cl 1.06-2.58)

Nr of persons/toilet Beta 0.45 (P<<0.01, SE 0.02)

OR 3.3 (95% Cl 1.1-10.2)
aOR 4.92 (1.2-19.5) for S. paratyphi A aOR 7.26 (1.4-37.2) for

Montgomery 2010 Case control Trachoma

Munoz 1992 Cohort Hospital admissions

Olusanya 2010 Cross sectional

Kim-Farley 1984 Case control

Golding 1994

Poliomyelitis

Cross sectional
death

Preterm and low birthweight

Perinatal death, antepartum fetal

S.typhi
OR 0.95 (95% Cl 0.55-1.67)

‘communal sanitation’ was a significant variable in the factor
analysis (p<<0.01)

Prematurity aOR 1.36 (95% Cl 1.07-1.48) Low birth weight aOR
1.27 (95% Cl 0.98-1.65)

OR 4.0 (95% Cl 1.9-8.3)

Antepartum fetal death aOR 1.62 (95% Cl 1.28-2.03) Perinatal
death aOR 1.41 (95% Cl 1.21-1.64)

doi:10.1371/journal.pone.0093300.t003

drawn from preliminary, yet-to-be published results from seven
countries included in the Global Enterics Multi-Centre Study
(GEMS) [14]. However, the GEMS study design as well as the
general methods for collection of water and sanitation exposure
data and the definition for moderate and severe diarrhoea used to
screen and enrol case and controls has been published [34,35].
The study used a case-control design where cases were based on
clinical diagnoses of moderate to severe diarrhoea in children <5
years. As shown in Figure 2, initial results, adjusting for wealth and
facces visible in the facility, show that shared sanitation was a
statistically significant risk factor in two countries (Pakistan, Mali)
and was trending toward increased risk in three other countries
(Gambia, Mozambique and Kenya). Interestingly, shared sanita-
tion trended in the opposite direction, appearing protective in
Bangladesh. This study reports that even though there is site
variability, there is an overall trend among most sites. Except for
Bangladesh, cases are more likely to live in a household that shares

PLOS ONE | www.plosone.org

a latrine. The pooled odds ratio from the seven GEMS studies
yields an OR of 1.26 (95% CI 1.01-1.57) compared to OR 2.01
(95% CI 1.44-2.81) for the five published studies (Figure S2).

Helminths and protozoan parasites. Six studies reported
associations between shared sanitation facilities and helminth
infections, of which only one study reported no association
(Table 3). Tshikuka et al. found that the number of persons per
toilet was statistically associated with Ascaris lumbricoides infection
intensity [24]. However, it is not clear whether the persons per
latrine were counted or calculated as an average. Mahfouz et al.
found that sharing toilets with another family increased the risk of
intestinal helminths (4.lumbricoides, Trichuris trichiura, Hymenolepis
nana, Oxyuris, Ancylostoma duodenale, Schistosoma mansoni) (adjusted
OR 1.95[95% CI 1.38-2.75]) and from protozoan parasites
[Giardia lamblia, Entamoeba histolytica] (adjusted OR 1.65 [95% CI
1.06-2.58]) [22].
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Name Year Country ES (95% Cl) N
Brooks 2003 Kenya —#—-— 2.40 (1.19, 4.48) 451
Shultz 2009 Kenya 2.17 (1.01, 4.68) 260
Sobel 2004 Brazil —-— 1.48 (1.07, 2.04) 229
Tuttle 1995 Zambia . 3.30 (1.10, 10.20) 110
Baker 2011 Mali —‘— 1.40 (1.20, 1.70) 4094
Baker 2011 Pakistan ‘—o— 1.70 (1.40, 2.20) 3013
Baker 2011 Kenya —*—1— 1.20 (1.00, 1.50) 2536
Baker 2011 Bangladesh - E 0.80 (0.70, 1.00) 3748
Baker 2011 Mozambique —-—i*— 1.60 (0.90, 2.60) 1944
Baker 2011 Gambia —I+— 1.50 (1.00, 2.40) 2586
Baker 2011 India —-O—E 1.10 (0.90, 1.40) 3524
Mahamud 2012 Kenya ; 3.33 (1.34, 8.30) 55
Overall (I-squared =77.9%, p = 0.000) <> 1.44 (1.18, 1.76)
NOTE: Weights are from random effects analysis I

T T

A 1
Decreased odds of diarrhoea

10
Increased odds of diarrhoea

note: Chakraborty (1983), Khan (1987), Ghosh (1994) and Moshabela (2012) did not provide odds ratios

Figure 2. Meta-analysis for the use of shared sanitation and diarrhoea. Image produced using Stata (Statacorp LP, TX USA). CI: Confidence

Interval. ES: Effect size (Odds Ratio).
doi:10.1371/journal.pone.0093300.9g002

Hall et al. found that for adults, using a community latrine
rather than a private latrine was statistically significant risk factor
for S. stercoralis infection (adjusted OR 2.72 [95% CI 1.57-4.72)
[21]. On the other hand, they found that using a latrine shared
between neighbours versus a private latrine showed no significant
assoclation. Similarly, for children the risk of S. stercoralis infection
was increased when using communal latrines (adjusted OR 2.43
[95% CI 1.35-4.38]), whereas no such association could be found
for shared latrines. No information was provided on the number of
people or households using either the shared or the communal
latrines.

In a study in Egypt, sharing latrine with other families and the
absence of piped water inside the house were associated with a
significantly higher intensity of infection for A. lumbricoides
(p<<0.001) and for T. trichwra (p<0.05) but not jfor S. mansoni
[20]. No separate data were presented for shared latrines and no
information was provided on the number of households sharing.
Lastly, Phiri et al. found no statistically significant risk associated
with A. lumbricoides, hookworm, T. Trichiura, or S. stercoralis infection
and shared latrine facilities [23].

Other health outcomes. A study by Montgomery et al.
found that shared latrines provided as much protection as private
latrines in regard to the risk of trachoma (adjusted OR 0.95 [95%
CI 0.55-1.67]) [27]. Also, the number of households sharing did
not significantly alter the risk.

Kim-Farley et al. investigated a poliomyelitis outbreak in
Taiwan using a case control design [26]. It was shown that more
cases than controls shared toilets with other families (OR 4.0 [95%
CI 1.9-8.3]). However, this was a univariate analysis, not
controlled for other exposures.

PLOS ONE | www.plosone.org

Karkey et al. investigate enteric infection with either S. #phi or
S. parayphi A and found that communal latrine use (versus
individual houschold latrines) was protective (adjusted OR 4.92
[95% CI 1.2-19.5] for S. paratyphi A and adjusted OR 7.26 [95%
CI 1.4-37.2] for S. yphi). In this study, 92.2 per cent of the cases
used a household latrine versus 77.9 per cent of the controls [25].

Several studies reported on adverse birth outcomes. Olusanya et
al. investigated preterm birth and low birth weight risk factors
[30]. Living in a house with shared sanitation facilities was found
to be a risk factor for prematurity (adjusted OR 1.26 [95% CI
1.07-1.48]), whereas there was only a weak association with low
birth weight (adjusted OR 1.27 [95% CI 0.98-1.65]). Golding and
colleagues found an increased risk of perinatal death among
women who had to share toilet facilities with people other than
members of their family [29]. This was associated especially with
antepartum fetal deaths (adjusted OR 1.62 [95% CI 1.28-2.03])
and perinatal death (adjusted OR 1.41 [95% CI 1.21-1.64]). In
rural aboriginal communities in Australia, Munoz et al. reported
that communal toilets were associated with an increased risk of
hospital admissions for children [31]. However, the authors
acknowledged that many community characteristics were strongly
associated with differences in admission rates between communi-
ties thus limiting the potential for causal interferences.

Discussion

In general, the evidence suggests that those relying on shared
sanitation facilities compared to IHLs are at increased risk of
adverse health outcomes, including diarrhoeal disease, helminth
infection, poliomyelitis, as well as prematurity, antepartum fetal
death and perinatal death. The evidence on diarrhoeal disease and
on helminth infection reflects a consistent pattern across most
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studies and study sites, while the evidence on poliomyelitis and
adverse birth outcomes was generated from single studies. On the
other hand, research found no increased risk of trachoma
associated with reliance on shared sanitation.

Although most of the studies reviewed suggest a pattern of
shared sanitation and adverse health outcomes, the quality of these
studies varies and the actual strength of evidence is weak, and
should be interpreted with caution. This is due to at least four
major limitations.

First, as noted, many of the studies included in the review are of
uncertain methodological quality. Fewer than a third of the studies
reported using random selection of the study sites or population,
presenting the potential for selection bias. The type of sanitation
facilities being compared was not blinded to the study population
or assessors. This and the fact that many studies relied on reported
outcomes raises questions of reporting bias. Many of the studies
fail to report on case definitions, participant eligibility and
selection procedures, methods for assessing outcomes, potential
sources of bias, etc. There are also statistical shortcomings, such as
the failure to adjust for clustering and the treatment of populations
as multiple rather than single units. Moreover, many studies reflect
methodological problems common in assessments of environmen-
tal health interventions [36] and in the assessment of faecal-oral
diseases such as diarrhoea [37].

Second, few of the studies report on possible factors other than
the type of sanitation facilities that could be important confound-
ers or effect modifiers. Most obvious of these, perhaps, is actual
latrine use. There is evidence, for example, that a variety of factors
such a distance, waiting time and cost can significantly impact the
use of shared sanitation facilities [38,39]. Other factors that may
vary between shared sanitation facilities and IHLs include latrine
maintenance, distance to and quantity/quality of water supplies,
the presence and use of hand washing facilities and soap, the
manner in which users dispose of child faeces, and the way in
which the waste is subsequently removed from the facilities and
ultimately disposed of in the setting. Additionally, the population
density, socio-economic status, gender or other equity issues of the
users of shared facilities versus IHL may differ, aspects which are
infrequently reported on in the studies specifying shared sanita-
tion.

Third, there are substantial differences among the studies that
limit their comparability. This includes differences in study design,
settings, study populations and ambient conditions. It also includes
fundamental differences (and in many cases, uncertainty) in the
actual types of shared sanitation and the types of IHLs being
compared. There are also important differences in outcomes, the
manner in which they were assessed and in the methods for their
analysis.

Finally, and perhaps most important, the studies undertaken to
date allow only for only a weak causal inference between shared
sanitation and adverse health outcomes. None of the studies
identified in the review followed an experimental design. While
many studies adjusted for known confounders, others did not. As
observational studies, all are at risk of unknown confounders. We
cannot rule out the possibility that that reliance on shared
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