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There are increasing numbers of people affected by natural disasters, disease outbreaks, 
and conflict. Water, sanitation, and hygiene (WASH) interventions are used in nearly all 
emergency responses to help reduce disease risk. However, there is a lack of summarized 
evidence on the efficacy and effectiveness of these interventions. We conducted a systematic 
review of the published and grey literature on the efficacy and effectiveness of short-term 
WASH interventions in emergency response in low- and middle-income countries, including: 
developing theory of change models; setting inclusion criteria; conducting the search; 
selecting evaluations for inclusion; assessing the quality of the evidence; and analysing 
the included evaluations. Overall, 15,026 documents were identified and 106 studies 
describing 114 evaluations met inclusion criteria. Interventions from 39 countries were 
included. Most included evaluations (77 per cent) had high risk of bias and half were 
from grey literature (50 per cent). For the majority of interventions, we found that WASH 
interventions consistently reduced both the risk of disease and transmission in emergency 
contexts; however, programme design and beneficiary preferences were important consider-
ations to ensure WASH intervention efficacy and effectiveness. Critical programme design 
characteristics included simple interventions that were appropriately timed, community-
driven, and had linkages between relief and development. Barriers and facilitators to WASH 
interventions in outbreak response were taste and smell of treated water, communication 
methods, inaccurate perception of efficacy, and trust/fear. Foundational research is needed 
on commonly implemented, under-researched interventions, as well as investigating the 
relative cost-effectiveness of emergency WASH interventions.
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EmErgEnciES – including nAturAl diSAStErS, conflictS and disease outbreaks – are 
occurring at increasing rates and affecting a growing number of people. natural 
disasters (i.e. earthquakes, hurricanes, flooding events, disease outbreaks, or 
droughts) affect more than 200 million people annually (Em-dAt, 2014). climate 
change is expected to increase the scale and frequency of natural disasters, while the 
rapidly expanding urban and slum populations in disaster-prone regions mean a 
larger number of people may be impacted by natural disasters (Walker et al., 2012). 
currently, more than 1.5 billion people are potentially threatened by conflict and 
violence (institute for Economics and Peace, 2014; iiSS, 2015). in 2015, there 
were more than 60 million displaced persons worldwide, the highest number 
ever recorded (unHcr, 2015). lastly, disease outbreaks have increased in number 
and diversity (Smith et al., 2014). Between 1980 and 2013, there were 12,102 
outbreaks in 219 nations, impacting more than 44 million people. these increases 
are attributed to microbial adaption of pathogens, changing human suscepti-
bility, climate change, changing human demographics (inclusive of increasing 
mobility), economic development, breakdowns in public health, poverty, social 
inequality, war, and famine. 

With a growing number of people at risk, evidence-based strategies to  
provide interventions to affected populations are needed to prevent and control 
a variety of communicable diseases (Sphere Project, 2011; JmP, 2014; Watson 
et al., 2007; darcy et al., 2013; Parkinson, 2009; connolly et al., 2004; toole, 
1995, 1996). According to the Humanitarian Charter and Minimum Standards in 
Humanitarian Response:

Water and sanitation are critical determinants for survival in the initial stages 
of a disaster. People affected by disasters are generally much more susceptible 
to illness and death from disease, which to a large extent are related to 
inadequate sanitation, inadequate water supplies and inability to maintain 
good hygiene.

Emergency WASH interventions should provide access to safe water and sanitation 
and promote good hygiene practices with dignity, comfort, and security (Sphere 
Project, 2011). WASH interventions in emergency situations are not necessarily 
intended to provide long-term sustainable access, but instead provide rapid relief. 
Water interventions aim to increase water quantity and/or improve water quality; 
sanitation interventions aim to isolate faeces from the environment; hygiene inter-
ventions aim to prevent transmission through hands, and more broadly, promote 
awareness among affected populations on the disease and equip these popula-
tions to act; and environmental hygiene interventions reduce risks by disinfecting 
household objects and managing rubbish. 

WASH interventions are commonly implemented as part of emergency response 
activities by united nations (un) agencies, local governments, and emergency 
responders. WASH interventions currently used in emergency response may be 
known to be efficacious and effective, but were mostly adopted from development 
contexts which may not transfer well to emergency contexts (darcy et al., 2013; 
Parkinson, 2009). there is currently little evidence on the efficacy and effectiveness 
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in emergency situations in low- and middle-income countries (lmic) (Blanchet 
et al., 2013; ramesh et al., 2015; Brown et al., 2012a; taylor et al., 2015). the weak 
evidence base in emergencies is attributed to two factors: 1) prioritizing rapid 
response activities over research and 2) acknowledging the difficulty of conducting 
research in the rapidly changing and unstable settings of emergencies (Spiegel 
et al., 2007). responders also note that there is a lack of technical knowledge related 
to data collection, lack of personnel to collect data, and lack of clear goals for how to 
use the information (Vujcic et al., 2015).

in the absence of evidence, responders often default to familiar interventions 
using ‘intuition’ and ‘if it worked before, it will work again’ (darcy et al., 2013; 
loo et al., 2012; Steele and clarke, 2008). As the efficacy and effectiveness of 
WASH interventions depend on contextual factors unique to each emergency 
(Bastable and russell, 2013; loo et al., 2012; Parkinson, 2009), contextually 
appropriate information on WASH intervention effectiveness may provide more 
relevant and effective guidance for responders and lead to better WASH interven-
tions in emergencies. With the many evidence gaps, there has been an increasing 
demand for improving the evidence base of emergency interventions, health as 
well as WASH, from responders, academics, and donors (Samarasekera and Horton, 
2017; Hawkins and Pérache, 2017; Waldman and toole, 2017; Kayabu and clarke, 
2013; cairncross et al., 2013). in particular, the Emergency Environmental Health 
forum and global WASH cluster meetings are also increasingly focused on sharing 
WASH evidence.

in 2015, a systematic review on the efficacy of WASH interventions for cholera 
response (taylor et al., 2015) and another on the health impact of WASH inter-
ventions in emergencies (ramesh et al., 2015) concluded that there is a lack of 
data to establish firm evidence for implementing WASH interventions in outbreaks 
and emergencies. As taylor et al. (2015) only covered published studies of a certain 
quality and ramesh et al. (2015) only included manuscripts documenting health 
impacts, neither review incorporated all available information sources or full scope 
of evaluation methods and outcomes available in emergency contexts. ideally, 
a synthesis of evidence would include both published and grey literature, as well as  
quantitative and qualitative information on outcomes, impacts, and influencing 
contextual factors that contribute to programme effectiveness and efficacy in order 
to fully encompass the evidence base (Brown et al., 2012b). 

the objective of this review was to assess the outcomes and impacts of short-
term emergency WASH interventions in lmic, including both published and grey 
literature, with the aim of including a broader set of contextual factors that may 
shape intervention effectiveness. We specifically intended to address five particular 
research objectives for WASH interventions during emergency response: 

•	 What are the effects of use of service in emergency WASH situations?
•	 What are the health-related outcomes in emergency WASH situations?
•	 What are the non-health-related outcomes in emergency WASH interventions? 
•	 What contextual factors act as barriers or facilitators to implementation and 

uptake and the effectiveness in emergency WASH situations? 
•	 What is the cost-effectiveness of emergency WASH interventions situations? 
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Methods

to address these research questions, we conducted a systematic review of published 
and grey literature, including development of: 1) theory of change models; 2) 
search strategy; 3) inclusion criteria; 4) selection and processing strategy; 5) quality 
of evidence appraisal; and 6) analysis plan. Please note that efforts were made to 
follow the protocol and procedures with standard systematic review procedures 
outlined by the Cochrane Review (Higgins and green, 2011), including the Preferred 
reporting items for Systematic reviews and meta-Analyses (PriSmA) checklist; 
however, due to the acceptance of low-quality manuscripts, grey literature, and 
the wide variety of outcome measures beyond health outcomes, strict adherence 
to these procedures was not appropriate and these protocols were modified to 
purpose, as described below. the full systematic review protocol was peer-reviewed 
and made publicly available before conducting the review (Yates et al., 2015a). Each 
step of the systematic review process is summarized below.

Theory of change model development 

A theory of change model was developed for each WASH intervention to describe 
the theoretical route from intervention activities to outputs, outcomes, and impacts, 
while also identifying influencing factors and assumptions. We developed a model 
for each of the eight WASH activities we anticipated seeing in the review: increasing 
access to water; source-based water treatment; household water treatment (HWt); 
temporary or permanent latrines; latrine alternatives; hygiene promotion (including 
handwashing); distribution of soap and/or hygiene materials/kits; and environ-
mental hygiene. theory of change diagrams for each intervention can be found in 
the protocol (Yates et al., 2015a).

Search strategy. A search strategy was developed to identify published and 
unpublished grey literature. individualized search terms and strings were developed 
for each of the eight WASH interventions from their associated theory of change, 
and included keywords and outcome and impact measures specific to that inter-
vention. the search strings were used in a total of nine peer-reviewed databases and 
10 searches, in English (7), french (2) and English/Spanish (1) including: cochrane 
library, google Scholar, idEAS, lilAcs, ovid medline (Pubmed), Scopus, Web of 
Science, Academic Search Premier (English and french), and Articlefirst. Searching 
took place in november and december 2015, and was re-run in September 2016. 
Six journals identified as most likely to have relevant research and reference lists of 
included evaluations and reviews identified in the searches were screened by hand. 
responder websites were also searched with keywords, including: non-govern-
mental organizations (ngo), un, and other relevant websites. Additionally, 
solicitation for relevant documents was carried out through email and personal 
contacts. requests for information were sent to the international community 
via the global WASH cluster in September 2015 and february 2016, and to 
the international network on Household Water treatment and Safe Storage in 
September 2015. overall, more than 75 organizations were contacted through email.   $
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lastly, personal solicitations, online posts, and international conferences were also 
used to collect information.

Inclusion criteria. inclusion criteria were established according to the populations, 
interventions, comparisons, outcomes, and study types (PicoS) framework (Yates 
et al., 2015a).

Populations. All age, gender, and socioeconomic populations in World Bank- 
defined lmic in 2014 were eligible for inclusion. Populations must also have 
been affected by an emergency. for this analysis, an ‘emergency’ was defined as 
an event affecting a specific population that requires national or international 
assistance because local capacity is overwhelmed (uniSdr, 2007). A decision 
tree was used to aid the determination of an emergency, which can be found 
in the protocol (Yates et al., 2015a). for natural disasters, conflict, or outbreaks, 
factors used to help define an emergency included: a united nations disaster and 
coordination response, international funding appeal, population displacement, 
or acute events in chronic emergencies. An outbreak was defined in accordance 
with WHo definitions (WHo, 2016) and limited to communicable diseases for 
which WASH interventions can break known transmission routes, specifically: 
cholera, Ebola, hepatitis E, hepatitis A, typhoid fever, acute watery diarrhoea and 
bacillary dysentery (shigellosis).

Interventions. A WASH intervention was eligible for review if it targeted an 
emergency-affected population and was carried out within 12 months of the start of 
the emergency. interventions must have been field-based. laboratory research and 
health-focused interventions (i.e. clinic or hospital interventions) were excluded.

Comparisons. no specific comparisons were required for inclusion. 

Outcomes. Evaluations were included if at least one intermediate outcome (use 
of service or non-health outcome) or final impact (disease reduction or cost-
effectiveness) was reported. use of service includes three specific indicators: 
self-reported use, confirmed use, and effective use. Self-reported use is beneficiary-
reported use without additional verification. confirmed use is when an evaluator 
tests or observes the use or service in some way (i.e. testing free chlorine residual 
(fcr) in chlorine-based water treatment programmes). Effective use is a measure 
of improving quality of contaminated water requiring confirmed use and micro-
biological testing of untreated and treated water to ensure there is water quality 
improvement. cost-effectiveness included economic analyses investigating cost 
benefit, cost utility, cost per beneficiary, and cost per disability adjusted life-year 
(dAlY) averted. disease reduction data were included if beneficiary morbidity and 
mortality impact were self-reported or clinically measured. non-health outcomes 
of preferences from the population on use of interventions (e.g. ease of use, taste 
or smell of water), quality of life improvement (e.g. feeling safer, time savings), and 
agency preferences for interventions were included.

Study types. Experimental, quasi-experimental, non-experimental, mixed-methods, 
and qualitative methodological study type designs were eligible for review.  $
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dates for inclusion were 1995–2016. Both peer-reviewed and unpublished grey liter-
ature documents were eligible. Personal blogs, diaries, newspapers articles, magazine 
articles, website postings, poster abstracts, and legal proceedings/court documents 
were not included. review documents were not included, but individual references 
in review documents were screened for inclusion. 

Selection and processing. identified studies were screened first by titles, then by 
abstracts, and full texts. from abstract to final inclusion, studies were indepen-
dently double-screened by two of the authors. Any discrepancies were discussed 
with a third author for final decision. throughout the screening process, references 
were managed with Endnote X7 (new York, nY, uSA) and microsoft Excel 2010 
(redmond, WA, uSA). data collection was completed with a detailed coding sheet 
using microsoft Excel 2010, and included author and publication details, type 
of intervention, context of the intervention, study design, study quality, effect 
estimation, outcomes and impacts, and barriers and facilitators to implementation 
(further described in detail in Appendix A within the supplemental information). 
data collection was completed and double-screened by four research assistants. 

Quality of evidence. Each included evaluation was assessed for the potential risk of 
bias. for quantitative studies, the bias assessment tool was based on the Cochrane 
Handbook ‘risk of bias’ tool and formatted similarly to Baird et al. (2013) (Higgins 
and green, 2008). the risk of bias was assessed through five categories: selection and 
confounding; spillover effects and contamination; incomplete outcome; selective 
reporting; and other risks of bias. for qualitative studies, four appraisal categories 
were adapted from Spencer et al. (2003): design; bias; data collection; and clarity of 
findings. Each category was scored as ‘low risk,’ ‘high risk’, or ‘unclear’. the summary 
risk of bias for a study was based on the number of ‘low-risk’ assessments across the 
four or five categories depending on research design.

to establish the summary quality of evidence from multiple studies of varying qualities 
and study designs for each WASH intervention, a protocol was developed based on the 
grading of recommendations Assessment, development and Evaluation (grAdE) of 
evidence outlined in Cochrane Handbook (Higgins and green, 2011) but modified to 
have less emphasis on randomized controlled trials (rcts) (as it was not expected the 
search would return many rcts). the baseline was determined by the study designs in 
the intervention; then downgraded or upgraded considering biases, effect size, consis-
tency, and generalizability. the summary of evidence was then described through 
four categories, which mimic grAdE (oxman and grAdE Working group, 2004): 
high evidence is defined as further research is very unlikely to change confidence in the 
estimate of effect or accuracy; moderate evidence as further research is likely to have an 
important impact on confidence in the estimate of effect or accuracy and may change 
the estimate; low evidence as further research is very likely to change the estimate;  
and very low evidence as any estimate of effect or accuracy is very uncertain.

Analysis plan. considerations for missing data and meta-analysis techniques were 
described in the protocol; however, the low-quality research designs identified and 
included in the review undermined the relevance of meta-analysis and therefore most 
contingency measures were not utilized. formal heterogeneity analysis with i2 could 
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not be completed, as reported outcomes were too different for direct comparison. 
Potentially important factors, such as timing of response, scale, and quality of the 
intervention, were planned for evaluation in the protocol, but were not able to be 
adequately assessed or compared due to the lack of quality and consistent reporting 
in the documents included in the systematic review. 

A narrative synthesis approach is used to summarize the information gathered. 
A summary of all included evaluations is first presented with descriptions of 
emergencies by country, intervention type, published or grey literature, risk of bias 
assessment, and evaluation methodology. then, for each WASH intervention, 
a description of the intervention is presented, followed by information on the number 
of studies identified, risk of bias, outcomes and impacts, and summary of evidence. 
results were then condensed in general tables and a map of evidence. 

Please note that the original eight WASH intervention categories were broken down 
into 13 more detailed interventions that remained within the original scope: saltwater 
pumping; well disinfection; large- and small-scale source-based treatment; HWt with 
chlorine-based products; HWt with filters; HWt with other options; latrines; latrine 
alternatives; hygiene promotion including social mobilization; hygiene kit distri-
bution; environmental hygiene; and WASH package (a term for when multiple inter-
ventions were delivered in the same response). intervention definitions were based 
on common practice within the WASH sector. Please note: specific guidance for each 
intervention is outside the scope of this review and not described herein. Please also 
note: for space considerations, interventions with less than three evaluations are not 
described individually herein. We refer the reader to the full report for interventions 
with few evaluations (Yates et al., 2017).

Results

overall, 15,026 documents were identified in the systematic review process. After 
applying the three selection filters, 106 studies were included, describing evaluations 
of 114 relevant contexts (figure 1). the included evaluations are summarized for 
comparison in tabular format in Appendix A and the full report (Yates et al., 2017).

the included evaluations describe WASH interventions in 39 countries, with the 
highest frequency of evaluations from Zimbabwe and Haiti. Africa was the most 
common World Bank region (43 per cent), while South Asia (24 per cent) and latin 
America and the caribbean (21 per cent) were also strongly represented. Water inter-
ventions represented the most included evaluations (n = 47, 41 per cent), followed 
by hygiene (n = 27, 24 per cent) and WASH package (n = 24, 21 per cent); sanitation 
interventions were least represented (n = 16, 14 per cent).

An equal number of evaluations were identified from the peer-reviewed  
(n = 57, 50 per cent) and grey literature (n = 57, 50 per cent). Please note several 
studies (e.g. documents or manuscripts) had more than one evaluation or case 
study, thus the difference between 106 studies and 114 evaluations. Although the 
overall number of evaluations was balanced between published and grey literature,  
differences were seen by intervention; water had more published evaluations 
and hygiene and WASH package had more grey literature evaluations. Half of the  $
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evaluations (57/114) were published or documented between 2010 and 2015, 
and 85 per cent (97/114) were within the last 10 years. the high proportion of 
documents in the last decade coincides with several major emergencies, including 
the South-east Asian tsunami in 2004; cholera outbreaks in Zimbabwe and Haiti in 
2008 and 2010; the earthquake in Haiti in 2010; flooding in Pakistan in 2010; and 
typhoons in the Philippines and Bangladesh in 2013 and 2008. 

the majority of the studies (77 per cent, 82/106) had a high risk of bias (figure 2). 
the quantitative evaluations were mostly completed on water interventions, which 
were also more likely to be published and had less risk of bias. for example, published 
water evaluations were 23 per cent low risk of bias (7/30), while only 3 per cent of 
the other WASH intervention evaluations had a low risk (2/76). conversely, nearly 
all (96 per cent, 23/24) of the WASH package evaluations were field commentary or 
qualitative evaluations, all were unpublished and most were high risk of bias evalu-
ations (83 per cent, 20/24). the study designs of included evaluations were weak, as 
only 9 per cent (10/106) of studies had any type of control group and less than 4 per 
cent (4/106) were rcts. diversity of outcomes was also weak, with measured health 
impacts in only 8 per cent (9/106) of the interventions. 

We present the evaluations in the main categories of water, sanitation, hygiene, 
and WASH package. All identified interventions are summarized in table 1 and 
table 2, as well as Appendix A; descriptions of all included evaluations can be found 
in the full report, available from the international initiative for impact Evaluation 
(3ie) website (www.3ieimpact.org). 

Title screen

Total
15,026

Titles pass
1,440

Databases
10,326

Websites
2,676

Emails/NGOs
2,024

Abstracts
pass
380

Removed: 1,060Removed: 13,586
(2,663 Duplicates)

Removed: 274

Final
inclusion

106

Abstract screen Full screen

Development  context: 16
Policy document/manual: 15
No clear WASH intervention: 84
No outcome of relevance: 43
Outside scope: 36
Repeated research: 1
Timing (13+months): 14
Review document: 37

Figure 1 Screening process
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Water

Water interventions were separated into three general intervention types, with seven 
specific interventions, including: water point rehabilitation (saltwater pumping 
and well disinfection), source-based treatment (large- and small-scale), and HWt 
(chlorine-based treatments, water filters, and other, less common methods). of these 
seven specific interventions, five had more than three evaluations, including: 
saltwater pumping, well disinfection, small-scale source treatment, chlorine-based 
HWt, and HWt with filters.

Saltwater pumping. Pumping and cleaning a well to physically remove silt, sand, and 
debris is a common activity after a flood or tsunami (Vithanage et al., 2009). Pumping 
wells flooded with seawater is expected to reduce the impact of saltwater intrusion 
(as measured by salinity or conductivity) and speed the recovery of the well to return 
to normal operation. Six evaluations of well pumping were identified with low (4) 
and high (2) risk of bias (lytton, 2008; Villholth, 2007; Vithanage et al., 2009; Saltori 
and giusti, 2006; fesselet and mulders, 2006; lipscombe, 2007). All evaluations 
were after the 2004 South-east Asian tsunami, in similar porous and sandy soil types. 
A facilitating factor was that the communities perceived that saltwater pumping 
was necessary to safely rehabilitate the well, although communities over-estimated 
the impact of pumping (Villholth, 2007; lipscombe, 2007; Saltori and giusti, 2006). 
A barrier was that communities did not like the taste of the rehabilitated well water 
and preferred deliveries of trucked water (despite irregular supply and low quantity 
of trucked water), complicating the transition to recovery phase (Villholth, 2007; 
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lipscombe, 2007). All evaluations concluded that pumping wells had, at best, no 
effect and recommended not using pumping, but instead using alternative water 
sources until well salinity levels naturally decreased.

Well disinfection. A common emergency response intervention is to directly disinfect 
a contaminated well with chlorine (Branz et al., 2017). the objectives of well 
disinfection are to reduce microbiological contamination and/or maintain fcr in 
the well. Six evaluations of low (3) and high (3) risk of bias were identified that 
described four slightly different approaches to well disinfection with chlorine from 
six different countries (note, two evaluations used multiple methods): 1) a shock 
dose of liquid chlorine (bleach) added directly to the well; 2) pot chlorination 
where powdered chlorine, sand, and gravel in a pierced container/jerrican was 
inserted into the well; 3) pot chlorination with locally pressed chlorine tablets in 
a perforated container; and 4) floating pot chlorinator (commercial plastic devices 
used in swimming pools) (rowe et al., 1998; libessart and Hammache, 2000; 
garandeau et al., 2006; guevart et al., 2008; cavallaro et al., 2011; luby et al., 2006).  
Shock chlorination is a one-time activity to simply disinfect, whereas the three 
pot chlorinator methods were intended to slowly disperse chlorine over time and 
maintain consistent fcr. ideally, the fcr would be greater than or equal to 0.2 mg/l 
and less than or equal to 2.0 mg/l, which is the range ensuring water treatment but 
not exceeding taste or guideline thresholds (cdc, 2012). 

one-time shock chlorination did not provide fcr protection for more than a few 
hours and did not reduce microbiological contamination (rowe et al., 1998; luby 
et al., 2006). traditional pot chlorination inconsistently maintained measurable 
fcr for 1–4 days (libessart and Hammache, 2000; garandeau et al., 2006; guevart 
et al., 2008; cavallaro et al., 2011). floating pot chlorinators could be effective, 
but could only be imported and required specialized tablets (garandeau et al., 
2006). in comparative evaluations, although with inconsistent methods, pressed 
HtH tablets with a pot chlorination approach maintained fcr for 3–4 days 
and were the preferred mode of well disinfection by responders (libessart and 
Hammache, 2000; garandeau et al., 2006). microbiological disinfection of treat-
ments was assessed in only one evaluation and did not have impact (luby et al., 
2006). communication with community members was an important program-
matic consideration identified, as well disinfection interventions were often 
perceived to maintain fcr for longer than it was maintained (cavallaro et al., 
2011; rowe et al., 1998).

Source treatment. Source-based treatment interventions occur at the source or point 
of collection (Branz et al., 2017). large-scale water treatment was considered the 
treatment of more than 200 l (0.2 m3) of water with systems operated and managed 
by responders (as opposed to beneficiaries). Small-scale source treatment is water 
treatment that occurs at the point of collection one beneficiary at a time.

large-scale source water treatment included three types of interventions through 
four evaluations, including: bulk water treatment (BWt) (dorea et al., 2009), decen-
tralized BWt (Acf, 2014b), and water trucking (gupta and Quick, 2006; lantagne 
and clasen, 2013). individually, large-scale source treatment interventions had 
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fewer than three interventions, thus specific results are not included herein. overall, 
BWt and water trucking are well-known interventions, with established methods 
in emergencies; however, the interventions are not often evaluated, particularly at 
the beneficiary level. 

Small-scale source water treatment included two types of interventions: chlorine 
dispensers (Yates et al., 2015b) and bucket chlorination (Branz et al., 2017). 

Dispensers. A chlorine ‘dispenser’ programme includes hardware installed next 
to a water source that dispenses chlorine solution, a local ‘promoter’ who refills 
the dispenser and conducts community education, and a supply chain of chlorine 
refills. users treat water by turning a valve that dispenses a controlled amount 
of chlorine solution. dispensers were used in three different cholera contexts 
presented in one low-bias manuscript in Haiti, Sierra leone, and democratic 
republic of congo (drc) with three different responding organizations; one 
additional context was carried out in a non-acute emergency in Senegal (Yates 
et al., 2015b) . results varied over two acute evaluations (2–8 weeks after instal-
lation) and three sustained evaluations (4–7 months after installation) for reported 
use (26–75 per cent acute, 31–75 per cent sustained), confirmed use (11–34 per 
cent acute, 5–18 per cent sustained), and effective use (10–28 per cent acute, 
0–10 per cent sustained) metrics. Spillover effects from other water treatment 
options were present and assist in explaining results, as the municipal water 
system in drc was functional in the sustained evaluation and 32 per cent of 
households in Haiti reported using chlorine tablets as an alternative treatment. 
With regression analysis of household survey data, factors consistently associated 
with higher use across contexts were speaking to the promoter within the last 
month and collecting water from a source with a dispenser. the three imple-
menting organizations gathered at project end and reflected on factors leading 
to success. these included: appropriate source selection; chlorine solution quality 
and supply chain; dispenser hardware installation and maintenance; integration 
into a larger WASH programme; promoter recruitment and remuneration; 
experienced programme staff; partnering with local organizations; conducting 
ongoing monitoring; and having a sustainability plan. 

Bucket chlorination. Bucket chlorination is a common emergency response 
intervention where a person is stationed near a water source and adds a dose of 
chlorine directly into the recipients’ water collection container. no evaluations of 
bucket chlorination were identified in the review; however, bucket chlorination was 
mentioned twice as an activity in the included evaluations (grayel, 2011; neseni 
and guzha, 2009).

Household water treatment. HWt products (also called point-of-use water treatment 
products) are interventions used in the home to improve quality of household 
drinking water (lantagne and clasen, 2012). these may be distributed as a 
sole intervention or included as one of several items in a hygiene kit, which 
may also include hygiene promotion. HWt was the most studied intervention 
with 39 evaluations with a mixture of high, medium, and low risk of bias.  
for analysis, HWt interventions were separated by: chlorine-based products 
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(chlorine tablets, liquid chlorine, combined flocculant/disinfectants), filters 
(ceramic, hollow-fibre, sand), and other products – solar disinfection (SodiS), 
coagulants, safe storage, and boiling. 

HWT, chlorine-based products. the most common HWt products distributed in 
emergencies were chlorine products, likely because they effectively inactivate most 
bacterial and viral pathogens, lead to residual protection, are low cost, and easy 
to use and transport (lantagne and clasen, 2012) chlorine-based HWt products 
were separated into three sub-categories: chlorine tablets, liquid chlorine, and 
flocculants/disinfectants.

Chlorine tablets. Sodium dichloroisocyanurate chlorine tablets (e.g. Aquatabs®) 
were evaluated in 12 contexts; half (six) were low risk of bias, one medium risk and 
five were high risk of bias. the tablets (33–167 mg) were freely distributed through 
hygiene kits and intended to treat 5–20 l of water. the reported use ranged between 
1 and 84 per cent (n = 9), while confirmed use ranged between 1 and 87 per cent  
(n = 11). Effective use ranged between 5 and 63 per cent (n = 4). the highest rates were  
reported in South Sudan and Haiti where 92 per cent of households reported recent 
household promotion and 75–82 per cent of households knew the correct use because 
of a long-running treated water campaign (Acf, 2014c; lantagne and clasen, 2013). 
the taste and smell of chlorine tablets was reported as a barrier to use in nearly half 
of the contexts (5/11) from three countries (Acf, 2009; lantagne and clasen, 2012; 
imanishi et al., 2014; ruiz-roman, 2009; Johnston, 2008). overdosing may have 
led to strong smells/taste, as some beneficiaries did not have the appropriate water 
storage container for the tablet size distribution (imanishi et al., 2014; Acf, 2009; 
Johnston, 2008; Varampath, 2008). Knowing a HWt method before the emergency 
and ease of use were correlated with use in Zimbabwe (imanishi et al., 2014) and 
nepal (lantagne and clasen, 2012). Health impact was measured in one document 
after the typhoon/flooding in Bangladesh; a 55 per cent diarrhoea reduction was 
measured in children under five but was not statistically significant (rr 0.45, 95 per 
cent ci 0.19–1.03) (Johnston, 2008). 

Liquid chlorine. Small bottles of 1–1.25 per cent sodium hypochlorite 
(e.g. Waterguard, sized so one cap treats 20 l of water) and commercial bleach 
(where the dosage is generally in drops), were assessed in nine evaluations 
within six countries, with four high, two medium, and three low risk of bias 
evaluations. reported use ranged between 6 and 88 per cent, and confirmed 
use ranged between 1 and 69 per cent. Effective use was not measured. While 
not definitive, some of the heterogeneity may be explained by the active 
promotion of liquid chlorine before the emergency in the two evaluations 
with higher usage rates in drc (tokplo, 2015) and madagascar (mong et al., 
2001). cost may explain the low use in madagascar (dunston et al. 2001) as 
free distribution of the same product had much higher rates in the same region  
(mong et al., 2001). Excessive dosing was observed in madagascar (fcr >3.5 mg/l) 
(mong et al., 2001) and taste was noted as a hindrance to use in nepal and 
the Philippines (lantagne and clasen, 2012; Plan, 2013). liquid chlorine was 
linked to long-term development approaches including promotion (Acf, 2014d),  $
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cost recovery and social marketing (dunston et al., 2001), local production 
(date et al., 2013), and vouchers (Acf, 2014d), as liquid chlorine is regularly 
used in development situations, and responses can scale up existing ongoing 
development interventions. these development programme linkages were not 
described in other HWt interventions. 

Combination flocculants/disinfectants. flocculant/disinfectant sachets (e.g. P&g 
Purifier of Water® ‘Pur’) are most often used to treat turbid water. users add the 
contents of a sachet to 10 l of water, stir for five minutes, wait five minutes for 
the solids to settle, filter the water through a cloth into a second bucket, and 
wait 20 minutes before drinking. Pur was assessed in seven evaluations: two low  
and five high risk of bias. reported use ranged between 6 and 83 per cent (n = 3) 
and confirmed use ranged between 4 and 95 per cent (n = 6). High use was reported 
with strong promotion and knowledge of how to use Pur (doocy and Burnham, 
2006; Acf, 2014c; colindres et al., 2007). low knowledge was reported in an nfi 
(non-food items) distribution with minimal promotion in Kenya, where only 2.3 per 
cent of households could describe the five steps necessary for Pur, translating to 
similarly low reported use of 6 per cent and confirmed use of 4 per cent (lantagne 
and clasen, 2012). community preference to taste and smell of Pur ranged widely, 
with two populations (Haiti and liberia) reporting liking the taste (doocy and 
Burnham, 2006; colindres et al., 2007) and two populations reporting not liking 
the taste or smell (Bangladesh and Vietnam) (Hoque and Khanam, 2007; Handzel 
and Bamrah, 2006). Similarly, Pur was diversely described as easy to use in one 
evaluation (colindres et al., 2007), but also ‘too time-consuming’ in another (Hoque 
and Khanam, 2007). When Pur was distributed together with chlorine tablets, Pur 
was preferred by beneficiaries (Johnston, 2008; Hoque and Khanam, 2007). Health 
impact was reported in two evaluations, a randomized control trial for cholera in 
liberia and typhoon response in Bangladesh. in liberia, Pur use reduced diarrhoea 
incidence by 67 per cent (adjusted rr 0.33; 95 per cent ci 0.30–0.37) (doocy 
and Burnham, 2006), with similar results of 77 per cent reduction in Bangladesh 
(rr 0.23; 95 per cent ci 0.07–0.72) (Johnston, 2008).

HWT, filters. HWt filter types include: ceramic, sand, and hollow-fibre filters. these 
filters are generally effective at removing protozoa and bacteria, and some hollow- 
fibre filters can also remove viruses. filters provide immediate water treatment 
that can also last into the recovery phase (3–9 months after the disaster) without 
additional distributions from responders. Six evaluations in five countries were 
identified in the review with two low and four high risk of bias evaluations (Palmer, 
2005; clasen and Boisson, 2006; lantagne and clasen, 2013; Ensink et al., 2015; 
cressey, 2015). reported filter use ranged from 53–100 per cent (n = 3) in the acute 
evaluations and 0–96 per cent (n = 7) in sustained evaluations 6–16 months after 
distribution. Effective use ranged from 8–20 per cent (n = 2) in the acute phase, and 
0–28 per cent in sustained evaluations (n = 7). factors impacting filter interven-
tions included: turbidity, filter capacity, and taste. muddy, turbid source waters can 
quickly clog filters, reducing the flow rate and limiting the microbiological effec-
tiveness (clasen and Boisson, 2006). Also, the time needed to treat enough water  $
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for a household may not match beneficiary needs or expectations (cressey, 2015), 
but beneficiaries often reported improved taste with filter use (clasen and Boisson, 
2006; Ensink et al., 2015; Palmer, 2005).

HWT, other products. other HWt interventions (non-chlorine or non-filter) 
were separated into four sub-categories: SodiS, coagulants, safe storage, and 
boiling. fewer than three interventions per category were identified for these 
HWt interventions, thus specific results are not included herein. generally, 
other HWt products were evaluated using higher-quality evaluation methods 
with several rcts measuring health impact: self-reported cholera cases were  
88 per cent less likely in children under five with a SodiS intervention in Kenya 
(p = 0.014) (conroy et al., 2001) and safe storage interventions reduced diarrhoea 
by 16 per cent (p < 0.05) in liberia (doocy and Burnham, 2006) and 8 per cent 
(p = 0.06) in malawi (roberts et al., 2001). overall, these less common HWt 
interventions were consistently reported to be simple, sustainable, and accepted 
by the communities. 

Sanitation 

the goal of sanitation programmes in emergency response is to break disease trans-
mission by isolating faeces from the environment (Sphere Project, 2011), using 
either output-driven approaches (e.g. latrine construction or latrine alternatives) 
(Bastable and lamb, 2012) or community-driven approaches (e.g. community-led 
total sanitation (cltS)) (majumdar and coonrod, 2010). Note: Community-driven 
approaches are described within ‘Social mobilization’ below.

Latrines. latrine construction was often carried out with water and/or hygiene inter-
ventions described in other sections of this review; 12 evaluations were focused 
on provision of latrines, 11 were high risk of bias and mostly field commentaries. 
latrine use or impact was rarely evaluated, so analysis was limited to reporting 
common themes: acute disaster latrines, eco-sanitation (ecosan), rehabilitation of 
damaged latrines, vulnerability targeting, and reduced disease burden. Acute disaster 
latrines were considered as interventions less than one week from disaster. in dense 
urban areas or places where digging is not feasible, portable toilets were successful 
at providing safe, dignified sanitation immediately after the Haiti earthquake, but 
require thoughtful consideration for desludging and final sludge disposal (Eyrard, 
2011). raised latrines were also temporary solutions used in Haiti and Bolivia, which 
included a cubicle structure placed over a barrel or tank operating in a similar way 
to porta-johns®, but required less frequent desludging (Bastable and lamb, 2012; 
Kinstedt, 2012). Simple ‘shallow-trench latrines’ were trialled with success in the 
Pakistan flood response in 2010, constructed as a temporary solution with tarpaulin 
and timber/bamboo poles (Singh, 2012; Bastable and lamb, 2012). Ecosan includes 
many latrine designs (e.g. urine diversion or composting toilets) but all focus on 
decomposition of waste, rather than desludging. Ecosan latrines were informally 
evaluated in nine countries after earthquakes, floods, and in camp settings (Bastable 
and lamb, 2012; mwase, 2006; Kinstedt, 2012), but were considered best suited for  $
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recovery or development phases. rehabilitating latrines was a viable option after 
an earthquake in iran and flood in china. rehabilitating latrines was better suited 
than temporary latrines because materials were locally and immediately available, 
longer-lasting, and more culturally appropriate, with similar costs to other options 
(Pinera et al., 2005; lin et al., 2008). Specific consideration for women and vulnerable 
populations (i.e. people with disabilities, the elderly, pregnant women, and children) 
were documented in South Sudan, india, and liberia (de lange et al., 2014; 
moyenga and rudge, 2011; Visser, 2012; Singh, 2009). targeting was not found 
to be burdensome but led to more appropriate latrine designs (e.g. locking doors, 
handrails) with marginal additional costs. in South Sudan, female use of latrines was 
significantly higher (p < 0.001) where women were specifically engaged in the latrine 
design process compared with another part of the camp in the area without dedicated 
targeting (de lange et al., 2014). increasing latrine coverage was noted to impact 
disease rates in china and nepal but sanitation interventions were carried out with 
other interventions simultaneously, with unknown spillover effects (lin et al., 2008; 
Puddifoot, 1995). overall, while each context is unique, it was consistently found 
that beneficiaries will use latrines provided they are safe, clean, and offer privacy.

Latrine alternatives. latrine alternative interventions (e.g. Peepoo® bags) include 
a supply of bags (often biodegradable), a safe private location (in the home or a 
community cubicle), and a system of waste collection. latrine alternatives were 
a short-term solution aimed to fill a temporary gap in sanitation services, often 
due to timing or location constraints. three evaluations, all high risk of bias, were 
included in the review, two from the Haiti earthquake and one from the typhoon 
Haiyan response in the Philippines (Patel et al., 2011; coloni et al., 2012; Parsa, 
2014). All three contexts were in internally displaced persons (idP) settings and 
were intended to be used for 4–8 weeks. in Haiti, self-reported use was 91 per 
cent, whereas use based on distribution records was much lower at 13 per cent 
(range: 8–18 per cent). it was noted that distribution records and estimated camp 
population may underestimate the use, although a full-scale operational project 
10 times larger than the trial may also explain the differences. in the Philippines, 
use of latrine alternatives was 74 per cent from ngo monitoring. intended 
location of use could be a factor, as Peepoo® interventions at households had 
high use (>70 per cent), compared with community cubicles (<20 per cent). 
cultural acceptance of using bags to defecate was a concern from responding 
agencies. in Haiti, responders identified that this was an existing practice, termed 
‘flying toilets’, while in the Philippines, the practice did not previously exist, but 
key informant interviews and focus group discussions suggested that Peepoo® 
bags would be acceptable. management and disposal of the bags was different in 
each context, and some not successful, as 100 per cent of beneficiaries from the 
Haiti pilot reported disposing of bags in ‘indiscriminate locations’ (coloni et al., 
2012). Hauling the waste away was considered easier than desludging a latrine, 
which often requires specialized equipment with excessive costs. there was also 
consideration for community involvement in all evaluations, which ranged from 
community volunteers to cash for work (cfW).  $
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Hygiene 

Hygiene messages educate affected populations on disease risks and transmission 
routes. often in emergencies, hygiene promotion is condensed to key messages, 
such as handwashing at critical times (Vujcic et al., 2015). Promotion can be at 
schools, in large community groups, or at the household level. for this review, social 
mobilization is considered a subset of interventions within hygiene promotion and 
includes strategies for engaging and facilitating communities to address identified 
risks with local solutions. there was no isolated evaluation of hygiene behaviour 
change (e.g. changing in handwashing behaviour from promotional activities) 
identified in the review; however, there were evaluations of hygiene promotion and 
social mobilization.

Hygiene promotion. Hygiene promotion was examined through nine evaluations 
of medium and high risk of bias describing preferred message delivery and health 
impacts. common hygiene factors that were evaluated were: person sharing the 
message (i.e. community health worker, ngo, friend, neighbour, family member, 
local leader), how it was shared (i.e. radio, tV, posters/pamphlets, theatrical skits, 
face to face), and location (e.g. home, school, place of worship, community). 
face-to-face communication was preferred by beneficiaries in seven evaluations 
(Williams et al., 2015; matemo, 2014; contzen and mosler, 2013; date et al., 2013; 
Einarsdbttir et al., 2001; Wall and chéry, 2011; Khan and Syed, 2008). Additionally, 
material demonstrations (i.e. instruction on HWt), visits by community health 
workers, and conversations with friends and family were consistently reported 
positively. Short radio ‘spots’ or radio communication was the other consis-
tently preferred and trusted source for hygiene messages. However, delivering 
simple, clear messages was noted as a challenge in four evaluations. different and 
conflicting messages undermined the response in the Haiti cholera and liberia 
Ebola responses (Wall and chéry, 2011; meyer capps and njiru, 2015) and it was 
unclear if hearing a message on the radio translated to action or a realistic under-
standing of the local situation (Wall and chéry, 2011). there were also noted 
difficulties with dialect differences (Einarsdbttir et al., 2001) and errors in printed 
information (neseni and guzha, 2009). other impacts from hygiene education 
included a reported decline in morbidity and diarrhoea rates (WHo, n.d.; Williams 
et al., 2015), increase in HWt use (date et al., 2013), and changes in behaviour 
by reducing physical contact (i.e. hugs, shaking hands) during a cholera outbreak 
(WHo, n.d.). 

Handwashing was a primary component of ‘key hygiene messages’ used in 
emergency response that was mentioned in 17 evaluations included in the review, 
with six reporting building handwashing stations (Acf, 2015a; Plan, 2013; Visser, 
2012; Varampath, 2008; Singh, 2009; fortune and rasal, 2010). While handwashing 
was widely promoted, it was rarely evaluated and often combined with other activ-
ities. only two documents with low and high risk of bias reported specific outcomes 
or impacts of handwashing interventions in emergencies. 

Social mobilization. Social mobilization describes strategies for engaging communities 
and responders facilitating communities to address identified risks with local 
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solutions. Social mobilization approaches define a process, often at a community level, 
often with outputs determined by the community (majumdar and coonrod, 2010). 
A notable example is community-led total sanitation (cltS), where communities 
are engaged through a facilitator with a specific process and encouraged to build 
their own latrines from locally available materials, ultimately intending to end open 
defecation at a community level. 

Social mobilization strategies were identified in nine evaluations in seven 
countries; most (7) were high risk of bias and five interventions were aimed 
specifically at sanitation but described here because of the mobilization approach. 
Social mobilization was effective at reducing disease risk, output of structures, 
and building stronger community relationships. A long-running cltS inter-
vention was found to have a high and significant impact on rates of Ebola as open 
defecation-free (odf) communities were 17 times less likely to have cases of Ebola 
than non-cltS communities (or = 0.06, 95 per cent ci 0.01–0.32, p < 0.001) 
(meyer capps and njiru, 2015). Social mobilization was also assessed descrip-
tively to reduce disease transmission in outbreaks (Acf, 2015a; rees-gildea, 2013; 
neseni and guzha, 2009). community-driven sanitation resulted in thousands 
of latrines and community structures in uganda, Pakistan, and Zambia – all in 
less than four-month interventions with low material input from responders 
(Waterkeyn et al., 2005; miziniak, 2007; Khan, 2012). furthermore, Acf piloted 
a community Ebola management project based on the cltS approach, which 
resulted in 80 per cent of villages planning to build community isolation rooms 
for Ebola patients and handwashing stations (Acf clEmE). Alternatively, after the 
Haiti earthquake, a pilot cltS project had limited success carried out in five idP 
camps as the disaster-affected population was conditioned for free distributions 
and there were scarce resources available (Pollo, 2010). 

overall and in the right context, stronger community relationships were 
described in four of the social mobilization evaluations (trust, group cohesion, and 
ownership) (Wall and chéry, 2011; Waterkeyn et al., 2005; Acf, 2015a; miziniak, 
2007). compared with a purely educational campaign that is ‘top-down’, designed 
to deliver or extract information (contzen and mosler, 2013), community mobili-
zation (engagement) approaches were conducive to ngos: listening to commu-
nities, dispelling fears and stigmas and learning how to adapt to the context.

Hygiene kit distribution. Hygiene kit distributions (e.g. nfis) were mentioned in 
21 evaluations, commonly distributed and heavily overlapping with HWt inter-
ventions. HWt products, soap, and safe water storage containers (e.g. jerrican or 
buckets with lids) were the most commonly included items. the primary goal of 
most hygiene kit distributions was to deliver HWt products and/or support hygiene 
activities addressed in other intervention categories with mixed risk of bias. Valuing 
items differed by gender, but also with time since the emergency (mountfield, 
2013; Hayden, 2012; Acf, 2015b). differences in kits caused confusion (e.g. varying 
Aquatabs doses) (Varampath, 2008; imanishi et al., 2014). Standard-sized kits may 
not address the needs of larger families or those with different preferences or needs 
(gauthier, 2014; Simpson et al., 2009; ruiz-roman, 2009). Vouchers were used 
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in a specially organized market to offer flexibility and choice to beneficiaries in 
the drc (Pennacchia et al., 2011), and cash-based assistance in the Philippines 
was also preferred. Pre-positioning hygiene kits was noted as a key aspect of the 
response (Simpson et al., 2009; degabriele and musa, 2009; neseni and guzha, 
2009; ruiz-roman, 2009; lantagne and clasen, 2012; Varampath, 2008), while 
non-functioning markets and procurement delays reduced the overall impact of 
interventions, especially considering the rapidly changing needs of beneficiaries in 
acute emergencies (Acf, 2007; Khan and Syed, 2008; Varampath, 2008; mountfield, 
2013; Wango, 2011; neseni and guzha, 2009). 

menstrual hygiene management (mHm) interventions and specific hygiene 
kits for women (aka dignity kits) often include women’s underwear and sanitary 
pads, and are regularly distributed with an increase in gender mainstreaming (Khan 
and Syed, 2008; Acf, 2014a; Singh, 2009; Baker and mbogha, 2009). identifying 
culturally appropriate items was noted as an issue (Khan and Syed, 2008; Acf, 
2014a) and focus groups from three separate needs assessments identified needs 
for access to water, a private safe space for washing, increased education, appre-
ciation of the influence of local beliefs, and local mHm materials (Parker et al., 2014; 
Hayden, 2012; Wickramasinghe, 2012).

Environmental hygiene. Environmental hygiene interventions identified in the review 
were jerrican disinfection, spraying household surfaces with a chlorine solution 
and disinfection kit distribution. no evaluation on improving local environment 
conditions was identified in the review – e.g. vector control, site drainage, solid 
waste management as defined by the Sphere Handbook (Sphere Project, 2011) – 
although several organizations reported activities or results such as ‘improved 
garbage practices’ (dinku, 2011), construction of solid waste areas and drainage 
improvements (Pennacchia et al., 2011; Plan, 2013), and decongestion and rehabili-
tation of sewer pipes (neseni and guzha, 2009). 

Jerrican disinfection. Jerrican disinfection uses a chlorine solution to wash water 
collection containers and reduce disease transmission risks. Jerrican disinfection 
was investigated in three high risk of bias evaluations, all in camp settings, and 
all assessed with no beneficiary input. All three jerrican cleaning methods (three 
slightly different methods) were assessed to reduce disease risk, but with very weak 
evaluation methods. chlorine concentration degradation was noted in all three 
documents (Steele et al., 2008; Walden et al., 2005; roberts et al., 2001). one-time 
disinfection did not have a long-term impact on recontamination. 

Household spraying. Household spraying was mentioned as an activity in five 
documents but not evaluated (neseni and guzha, 2009; gauthier, 2014; grayel, 
2011, 2014; dunoyer and Sudre, 2012). A known outbreak activity, household or 
community spraying was noted to have several potential drawbacks: 1) stigmatizing 
households; 2) logistical, financial, and staffing resources required; 3) false sense 
of protection to households; and 4) limited impact as 80–85 per cent of people 
infected with cholera are asymptomatic (grayel, 2011). the UNICEF Cholera Toolkit 
also recommends that household spraying by responders should not be carried  $
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out (unicEf, 2013); however, it is recommended that families of cholera patients 
should thoroughly clean the house with soap and chlorine solution. Self-reported 
use of household disinfection kit contents was high (> 90 per cent) in a high risk of 
bias evaluation during the Haiti cholera outbreak (gartley et al., 2013). 

WASH package

WASH interventions were regularly implemented in combination by responders 
to address multiple transmission routes and attempt to provide comprehensive 
protection to beneficiaries. overall, 24 WASH package evaluations from 12 countries 
were identified; all 24 were grey literature documents, most (22/24) were field 
commentary documents with limited analysis and high bias. the specific inter-
vention activities included in the WASH package mirror the results above, with 
more water and hygiene interventions completed than sanitation interventions. 
Each WASH package intervention includes a different combination of interventions 
based specifically on the needs of the context; please see Appendix A for descrip-
tions of individual interventions. However, the water interventions included in the 
WASH package were more likely to include well rehabilitation and water trucking 
(compared with HWt) and were more often described as activities, but not evaluated 
for outcomes or impacts. 

Health impacts were reported through reduced diarrhoea and cholera rates 
(Pennacchia et al., 2011; gauthier, 2014; Acf, 2007; Baker and mbogha, 2009; 
van der Wijk, 2010). improved hygiene behaviour was self-reported in Zimbabwe 
(degabriele and musa, 2009), drc (Pennacchia et al., 2011) , and Somalia (dinku, 
2011), although respondents in Zimbabwe acknowledged that the behaviours were 
not consistently practised. Additional impacts included reported reduced time 
needed to collect water, with undocumented methods (dinku, 2011; Pennacchia 
et al., 2011; Plan, 2013; Visser, 2012; Alem, 2004), ‘psychosocial support’ to cholera-
affected communities after a hygiene kit distribution (neseni and guzha, 2009), and 
a change in people’s attitude, especially towards open defecation in Sierra leone 
(ngegba, 2002).

the importance of expert staffing was documented in Zimbabwe (Simpson 
et al., 2009; El-mahmid and roussy, 2009), whereas integrating epidemiological 
experts into response and surge capacity was described as important in the drc 
(grayel, 2014; gauthier, 2014). Pre-positioned hygiene kits were useful for quick 
initial distributions (lantagne and clasen, 2012; ruiz-roman, 2009; neseni and 
guzha, 2009; degabriele and musa, 2009; Simpson et al., 2009), and programmes 
without pre-positioned stock at times described difficulty in procuring items, leading 
to delays thereafter (neseni and guzha, 2009; Wango, 2011). Similarly, acces-
sible flexible emergency funding facilitated response in South Sudan and Haiti 
(gauthier, 2014; condor and rana, 2011), while securing adequate funding and 
knowing when to trigger rapid scale-up are identified as challenges (Simpson et al., 
2009). in outbreak response, sanitation and water trucking were rarely carried out, 
while in general emergency response, both sanitation and water trucking were 
more prominent. these field commentaries had a high risk of bias but consistent  $
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descriptions of anecdotal health impacts and non-health behaviour change impacts. 
Expert staffing and rapid response timing were consistently identified as critical 
factors for programme success.

Cost-effectiveness

cost-effectiveness and economic outcomes were not assessed because outcomes 
were too heterogeneous for analysis, despite the fact that cost-related outcomes were 
mentioned in nearly half of evaluations (43 per cent, 46/106).

Summary of evidence

Summaries of findings and assessment of evidence are presented in table 1 and table 
2. overall, the quality of evidence is low; this was attributed to weak study designs 
that lacked control groups and had high likelihood of spillover effects. As can 
be seen in figure 3, water interventions, source-based treatment, and HWt had 
more evaluations, better evidence, and were assessed more quantitatively. Hygiene, 
sanitation, and WASH package interventions were assessed with lower-quality, more 
qualitative evaluations. the majority of quantitative evaluations designs were weak 
cross-sectional designs relative to true experimental designs. the weak evaluations 
designs were expected from the onset of the protocol development, but still greatly 
undermine the ability to establish a strong evidence base. While most of the evalu-
ations were poor-quality with high bias, the strength of evidence comes from the 
consistency and collaboration of reported outcomes.

Figure 3 Summary map of evidence
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Discussion

to determine the efficacy and effectiveness of WASH interventions in emergencies, 
we investigated: use of interventions, reductions in the risk of disease; critical 
programme design and implementation characteristics; non-health related (benefi-
ciary) factors; and cost-effectiveness to emergency WASH response.

Objective 1: Use of interventions in emergency WASH 

Emergency WASH interventions were implemented in a variety of contexts and 
there was no ‘silver bullet’ intervention that is universally applicable in all circum-
stances (clarke and Steele, 2009). through this review, 13 WASH interventions were 
identified and 11 could be ‘efficacious’ – theoretically able to increase access to safe 
water and sanitation or improving hygiene and thus reduce the risk of disease trans-
mission. the two interventions that are generally not recommended include well 
pumping to reduce salinity and household spraying. Well pumping to reduce 
salinity after a coastal flood was the only intervention that had evidence that it was not 
efficacious and therefore is not recommended. the efficaciousness and effectiveness of 
household spraying was unclear and requires further investigation. five interventions 
had minimal beneficiary involvement but known efficacy, thus intervention design 
and implementation were primary barriers to impact. Bulk water treatment, well disin-
fection, and jerrican disinfection could be efficacious but were not evaluated at the 
beneficiary household level, thus the effectiveness depended on how the intervention 
was carried out by the responding agency in the particular context. WASH package 
interventions and hygiene kit distributions were not evaluated for impact, but instead 
reported on beneficiary coverage or access. for the remaining interventions, small-scale 
source water treatment, HWt, latrines, latrine alternatives, and hygiene promotion, 
effectiveness varied and outcomes were conditional based on the emergency context, 
beneficiary knowledge, or cultural and social preferences.

disease reduction was not regularly evaluated and remains a gap in the literature; 
however, the evidence from this review validates the causal chain for emergency 
WASH interventions. While WASH interventions may not all require the same method 
or level of evaluation, there are gaps in knowledge along the progression from basic 
provision of WASH services to beneficiary involvement. interventions with access 
to WASH services and measured high use also had large and significant reductions 
in diarrhoea (Johnston, 2008; doocy and Burnham, 2006; meyer capps and njiru, 
2015; Puddifoot, 1995; roberts et al., 2001). Breakages along the causal chain are also 
apparent due to context and social barriers. the barrier between effective outcomes and 
impact (disease reduction) was primarily attributed to behavioural preferences rather 
than impact use. Wide variation in use was dependent on familiarity of products, 
ease of use, personal preferences to taste/smell, and culture. Education and promotion 
were also key factors that could facilitate or hinder impact of emergency WASH.

Objective 2: WASH interventions that reduce disease risk

WASH interventions have the potential to reduce disease in emergencies. Weak 
designs and limited number of evaluations explain the low quality of evidence, 
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but interventions consistently reduced disease risk and risk of disease transmission. 
interventions directly measuring a health impact were few and mostly in HWt – 
chlorine tablet, Pur, SodiS, and safe storage – and assessed as low or very low 
quality of evidence as there was only one to two evaluations for each intervention 
type. Additionally, latrine use and a cltS intervention documented reduced disease 
risk, but were also low-quality evidence. more common than disease reduction 
evaluations were interventions that evaluated the risk of transmission through 
non-health indicators. interventions documenting fcr in drinking water are known 
to reduce disease transmission and had moderate quality of evidence including: 
well disinfection, dispensers, and HWt (liquid chlorine, chlorine tablets, and Pur). 
Environmental hygiene interventions using chlorine to clean jerricans reduced 
short-term transmission risk with measurable fcr, yet had low quality of evidence. 
overall, WASH interventions consistently reduced both the risk of disease and 
the risk of transmission in emergency contexts; however, programme design and 
beneficiary preferences are important considerations to ensure WASH interventions 
reach their potential.

Objective 3: Impact of non-health related outcomes 

in the review, four community perceptions and preferences that consistently 
affect the success of emergency WASH interventions are identified through a 
mixture of evaluation methods and risk of bias assessments, including: taste and 
smell; communication methods; inaccurate perception of efficacy; and trust/
fear. taste and smell of HWt hindered use (e.g. chlorine treatments can have 
an off-putting smell or taste) or facilitated use (e.g. filters and flocculant disin-
fectants improved taste). radio and face-to-face communication were consis-
tently reported as ‘most trusted’ or ‘most valued’ for hygiene communication. 
community understanding of some interventions overestimates the effectiveness 
and risk reduction (i.e. saltwater pumping, household spraying, and well disin-
fection). correct knowledge of intervention use was also a factor. Social mobili-
zation and open communication between the community and ngos build trust 
and greater community cohesion.

Objective 4: Programme design and implementation characteristics associated 
with more effective programmes

four programme design and implementation characteristics, identified through a 
mixture of research designs and across risk of bias assessments, were consistently 
reported as positive programme characteristics, including: simple interventions that 
were appropriately timed, community-driven and had linkages between relief and 
development. Some of the most basic interventions (e.g. safe storage with a jerrican 
or bucket, simple hygiene messages, or hygiene kit provision) had a clear positive 
impact. these interventions required little to no promotion and led to incremental 
improvements that reduced the risk of disease. Prepositioned stock, quick release of 
funds, and early triggers for rapid scale-up were important facets of a positive 
response, particularly with hygiene kit and HWt interventions. Engagement in the 
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community empowers and builds trust and community-driven interventions can 
increase awareness, trigger behaviour change, and identify local solutions. linking 
with pre-existing programming builds upon recipient population familiarity and 
having a sustainability plan encourages better cultural understanding and improves 
emergency response programmes. 

Objective 5: Cost-effectiveness of emergency WASH interventions 

cost-effectiveness of emergency WASH interventions could not be assessed, as 
there were only minimal and heterogeneous economic outcomes in the evaluations 
included in the review. 

Relevance

Previous systematic review efforts included only health impact evaluations (ramesh 
et al., 2015) or did not incorporate grey literature (taylor et al. 2015) ; thus, few 
lessons learned were generated in these reviews. our inclusion criteria permitted 
a greater quantity of less technical evaluations than is traditional to systematic 
reviews, which increased the relevant work to allow identification of consistencies 
among interventions and synthesis of current information, albeit with some indirect 
comparisons. continuing to build and reassess the WASH evidence base is needed to 
improve decision-making and improve how interventions are carried out.

Gaps

it is clear from the results of the review that some of the most commonly imple-
mented WASH interventions in emergencies are severely under-researched. We need 
additional research for: repairing damaged waterpoints, water trucking, bucket chlori-
nation, household spraying, handwashing, latrine construction, environmental 
clean-up, and formal economic analysis. Additionally, there was disparity between 
what was researched and published in the literature and what was implemented by 
responders and written up as grey literature: water treatment interventions were 
most commonly researched and published by academics and WASH package inter-
ventions were commonly implemented and reported by responders. While we need  
more research on specific WASH interventions that are under-researched, it is 
anticipated that the implementation and non-health factors identified in this 
review would remain critical, especially for more complex WASH interventions.

to improve the evidence on WASH interventions in emergencies, clear reporting 
with consistent evaluation methods and common and robust approaches is needed. 
in lieu of non-experimental evaluations that are difficult to conduct in emergencies, 
well-designed, non-experimental and qualitative evaluations can be used to increase 
the evidence base. Evaluations should be conducted at the beneficiary level, to better 
understand, rather than presume, the outcomes and impacts. Publishing results, 
while not necessary, does offer transparency and an additional sharing platform for 
the humanitarian community. the majority of manuscripts included in this review 
date from the last 10 years. With the increasing ease of sharing information and  $
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demand for more evidence, documenting advances in emergency evidence should 
occur at regular intervals (e.g. every four to five years). 

in conducting the review, it was more difficult than expected to: assess whether the 
WASH intervention was in the same geographic location as the emergency; compare 
interventions conducted at different times in the response phases (acute, recovery, 
development); clearly suggest impact without suitable control groups to compare; 
and search and extract information from grey literature. there was also a notable 
lack of evaluations from the more recent emergencies of the West African Ebola 
outbreak and the Syrian regional response. despite these limitations, the strength of 
this review is in its broad inclusion criteria and assessment of intermediary outcomes 
and final impacts, which led to a comprehensive review of available evidence that is 
policy-relevant and actionable. 

there were several limitations to this research. there is no comprehensive or consol-
idated website or location with responder evaluations; thus, there was difficulty in 
securing non-published evaluations, likely influencing the results. most organiza-
tions that submitted documents to the review provided only a select handful of 
reports, and it is likely that the provided reports were limited to those with favourable 
outcomes or innovative approaches. the two organizations that provided the most 
documents, Action contre la faim and oxfam, were also the most included, which 
likely influenced results. Self-reported data (such as diarrhoeal disease incidence or 
use of HWt products) was subject to both recall and courtesy bias, which would 
likely overestimate positive outcomes. fcr, diarrhoea incidence and prevalence,  
and Escherichia coli microbiological results are proxies for the outcomes and impacts 
of disease. outcomes were reported inconsistently. for example, confirmed use 
of a HWt intervention was the clearest outcome measured (using fcr); however, 
reporting thresholds varied by: ‘detectable,’ > 0.0 mg/l, > 0.1 mg/l, ≥ 0.2 mg/l and 
≥ 0.5mg/l. furthermore, database searching was completed primarily in English; 
keywords searched may not have captured all relevant evaluations with variations 
of intervention names or names in local languages. the diverse outcome reporting 
and low-quality evaluations also limited intended analysis. for example, the timing 
and scale of a response were considered vital factors from the onset of the protocol; 
however, there was a lack of clarity in reporting, which ultimately eliminated the 
possibility of analysis for timeliness or scale of response. An assessment of project 
quality would have been desirable, but without timely evaluations, consistent 
metrics, and independent assessments, there remains a gap between sharing specific 
WASH intervention success compared with general project management and 
logistic challenges. And lastly, only WASH interventions implemented in short-term 
emergency settings were included, likely excluding interventions derived from other 
sectors, chronic emergencies, or long-term development approaches. 

Conclusion

A systematic review process was used to identify more than 15,000 documents; 
ultimately, 114 evaluations of WASH interventions in emergencies were included in 
the review. We found that most WASH interventions were efficacious and that they  $
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consistently reduced both the risk of disease and the risk of transmission in emergency 
contexts; however, programme design and beneficiary preferences were important 
considerations to ensure that WASH interventions in the specific emergency response 
context reached their potential efficacy. Some of the most commonly implemented 
WASH interventions in emergencies were found to be severely under-researched, 
and further research investigating outcomes and impacts of specific interventions is 
recommended. improving the evidence base through quality evaluation methods, 
consistent reporting metrics, and a greater understanding of beneficiary impact 
is also needed. it is recommended that responders implement efficacious, simple 
interventions that are appropriately timed, community-driven, and have linkages 
between relief and development in collaboration with the recipient communities to 
address barriers and facilitators to use. 
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