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Abstract

Globally, diarrheal disease accosfr over 90% of foodborne illness, with over 70% of this
burden in SukSaharan Africa. However, traditional diarrheal prevention interventions
focused on water, sanitation, and handwashing, with little integration of food hygi€his.
thesisdesignedand implemented a theorpased complementary food hygiene intervention

in rural Malawi and evaluated its impact on food hygiene behagio

Formative research and intervention development was grounded in the RANAS (Risk,
Attitude, Norms, Ability and Selégulation) Model and targeted five behauis: cleaning of
cooking andfeeding utensils, safe utensil storage, reheating of-¢tefér food, childself
feedingand handwashing with soap. The intervention was delivered for 9 months through
village meetingin 800household visits. Formative research indicated thslit,norms, ability

and selfregulation factors were primaractorsof the selected behaviars. Interventionwas
linked to Behaviar Change Techniques of the RANAS modilages wereassignedto a
control or intervention group and targeted caregivers of children aijezlyears and below
Intervention outcomesvere measured using a before and after study with a control. Changes
in food hygiene behaviours between baseline and follgw data, and between the
intervention and control groups were measured using ANOVAtdest. Mediation models
were used to uncoveunderlying mechanisms and effects of an intervention on changes in

target behaviours.

At endline, three behaviairs showed a significant differen@emong intervention recipients

cleaning utensilsvith soap(P=0.0M); safe utensil storagéP=0.000) and handwashing with



soap P=0.000) For the three significant behaviours, psychosocial factors differed significantly
between the intervention and control group&esults showedhat perceived risk, norm,
ability and seHlregulation factors P=0000) mediated the effect of the intervention on the
significant behaviouramong the intervention participants

The study suggests that theory driven behavi@hange initiatives using contextual and

psychosocial factors effectively improved foeghiene behaviors in rural Malawi.
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Definition of terms

Behaviour

The performance of a particular action. This includes both
execution of a healthy and unhealthy behaviours.

Behaviour change techniquere the actual activities in an intervention to address

Behaviour factors

Child caregiver

Cluster

Communication channels

Complementary food

Contextual factors

Dish rack

Donor partner

F diagram

Food hygiene

Formative research

behavioural factors (i.e. smallest active components of a
behaviour change intervention). Thus, they form the
intervention strategy of a behaviour change campaign.

Behavioral factors are perceptions, thoughts, feelings, and
beliefs which influence the practice of a behavior.

Anyhousehold member, including parents who are responsible
for daily care of young children

A group of child caregivers with children aged five years and
below living within the same village and community.

The methods oflelivery an intervention in a behaviour change
campaign/promotion

Any food or liquid other than breast milk given to young
children

Are individual, setting and environmental determinants that
can influence behaviourchange and adoption of new
technologies

An elevated placen form of a rack for holding kitchen utensils
as dishwater drains off of them. This place is also used for
storing utensils at the household.

Mainly international stakeholders that provide financial and
technical support to Malawi.

The diagram that shows five key faecal oral transmission of
diarrhoeal pathogens

The measures and conditions necessary to control hazards and
to enaure fitness for human consumption of a foodstuff taking
Ayid2 | 002dzyd Ad&a AYyUSYRSR dzaSQaq

Research conducted during the development of a program to
help decide on and describe the target audience, understand
the factors which influence their behavior, and determine the
best ways to reach them. It looks at behaviors, attitudes and
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practices of target groups, involves exploring behavioral
determinants, and uses a myriad of methods to collect data.
Formative resarch may be used to complement existing
epidemiological and behavioral data to assist in program
planning and design

Handwashing facility A facility that is meant for selfcleaning/washing of hands and
has adequate supply of running clean water and soap

Handwashing practice Refers to the act of cleaning/washing of hands using running
water and soap at critical times to enhance the removal of
water and sanitation related diseas@ausing microorganisms.
The critical times advanced and advocated for hand washing in
this Thesisnclude but not limited toafter defecation;after
KFYyREAY3I AYyTFlLyiQa FIS0O0Sa 2N azAa
food; andbefore eating.

Hygiene Conditions and practices that serve to promote or preserve
health at the household.

Hygienic Intervention The systematic process of assessment and planning and
implementation employed to remediate hygiene related
problem.

Household A group of persons who normally live and eat together.

Sanitation Refers to the principles and practices relating to todection,

removal and hygienic disposal or recycling of human excreta,
solid waste and wastewater, as they impact upon users,
operators and the environment. The system or facility should
be acceptable and affordable to the user in addition to being

structurally safe and offering privacy. At the household level

this includes human waste, kitchen rubbish, water from

cooking, bathing and washing clothes and household utensils,
and any other discarded items.

Psychosocial factors Refer to psychological prosses interacting with social
O2y SElGdzr f FT2NOS&a gKAOK AKILIS Iy
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Chapterc 1

. O1 AN2 dzy R

1.1 Rationale

Despite substantial resource being invested in Low and Middle Income Countries (LMICs) to
address challengesssociated with poor Water, Sanitation and Hygiene (WASH), preventable
diarrhoeal diseases remain a significant cause of death, especially among children aged five
years and belofWHO, 2017)Amongst other factorsood contaminatedwith pathogens

has be@ strongly linked to childhood diarrhoea. Thus, food hygiene practices kegfactor

which significantly contributgto child survival during the first 1000 days of (\¢HO, 2013b)
However, food hygiene has received little attention in programmes and efforts to improve
child health in these low income settings. This thesis prowadkgailed understanding of the
current situation pertaining to food hygiene practiaged MIC how they may be affecting the

health of children under fiveand suggest interventions to address the identified gaps.

This chapter provides background on food hygiene from a global context, and the specific

existing gaps in rural households of Malawi.
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1.2 Introduction

Diarrhoeal disease remains one of the leading causes of morbidity and mortatityidnen

under the age of five yearglobally, with approximately 424,000 deaths annudllyHO,

2017) It accounts for 9% of all deaths among children aged 5 years and below in LMICs
(CarvajaMélez et al., 2016)DespiteUNICEReports about a decline in childhood diarrhoea
globally(Alkema & You, 2012t still remains common among children aged 84 months

in LMICs, which presents a public health threat gibenlimitedfinancial, medical and human
resourcesand poor resource management in these settifgscher Walker et al., 2013; Liu

et al., 2015) This equires further attention including childhood diarrhoea prevention

strategies appropriate for these low income settings.

As shown irFigurel, primary sources of direct and indirect contaminatioraolew host have

been outlined in thefaecal oral disease transmission route, commonly depicted asRhe
diagram for decade@enakalapati et al., 201Wagner & Lanoix, 1958highlighting the key
transmission routes for pathogenic organisms. It clearly shows how faecal ritattean and
animal)through fluids, fields, flies and fingeési K S T 2aizNdntén@réaté fod before
transmitting pathogens t@ susceptible host. Research undertakenaw lincome countries
(Boehm et al., 2016; Kamm et al., 2014; Kwong et al., 2016; Teunis et al., 2016; Wodnik et al.,
2018) has expanded on the-thiagram to better illustrate the links between undéve
behaviours, daily activities, and faecal exposure. Furthermore, several studies have now
reported the significance of child play areas, mouthing, geophagia, animal contaasizied

as potential sources of diarrhoeal disease transmission within these seftdesai et al.,

2015; Luby et al., 2018a; Majo et al., 2013; Mbuya et al., 2015; Null et al., 2018)
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Figurel: The F diagram of faecal oratansmissiorroute of diarrhoeal pathogens
(Penakalapati et gl2017, Wagner & Lanoix, 19%8

The WHGChas continued to emphasize not only the importance of effective treatment, but
also the integral role that prevention plays in the control of diarrhoeal diseases, highlighting
priorities such asrotavirus and measles vaccinations; promotion of early amdlusive
breastfeeding and vitamin A supplementation; promotion of handwashing with soap;
improved water supply quantity and quality; and commumnitide sanitation promotion
(Unicef/WHO, 2009)Despite the fact that these types of WASH interventions are generally
cost effectivgUnicef/WHO, 2009)here has been little progress in achieving implementation

at scale less than 5% of the population of Sub Saharan Africa have access to combined
improved water, sanitation, and hygienes described by th&ustainableDevelopmentGoal
indicators6 A ®S® D2t cY &Of $Roche af al.{i DNJThis showskat v A G | (0
progress in reducing diarrhoeal disease through various simple technological, social and
financial interventions has been elusiyBartram & Cairncross, 2010; Wolf et al., 2014)

Relatedly, attempts to maal the complex mechanisms that potentially link poor sanitation
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and hygiene to diarrhoeal disease, enteric enteropathy, under nutrition, and child
development, highlight the challenges of understanding the myriad of environmental
transmission routes and soces of contamination, which may contribute to diarrhoeal and
other related diseases. Previous WASH related attempts to reduce diarrhesa
emphasized water quality, improved sanitation and hand hygiene promotion with little
attention to other preventim strategies such as household food hygiene intervent{@ustis

et al., 2011) The contribution of food in the transmission of diarrhoeal disease has been
clearly outlined by a 2015 WHO repowhich attributed 70% of the burden of foodborne
diseaseoccurring insub-Saharan African and South East Asia, with 40% affecting children

under the age of fivé WHO, 2015d)

Sudies have highlighted the important role of food hygiene in diarrhoeal disease prevention,
a key but often neglected area of thedkagram. Significant numbers of pathogens have been
isolated in complementary food (i.éoods which supplementbreast milj in SubSaharan
Africa, Bangladesh and PdMotarjemi et al., 1993; Woldt & Moy, 2015 uch contamination

is associated with prolonged food storage at high ambient temperature, seasonality, and
unclean utensil¢Barrell & Rowland, 1979; Black et al., 1982; Michanie et al., 1987; Molbak et
al., 1989; Motarjemi eal., 1993; Pickering et al., 2012y addition, studies have reported
significant associations between diarrhoeal disease and lack of a kitchen, kitchen cleanliness,
handwashing at critical times, feeding practices, waste disposal and storage obrickbe:

floor (Feachem & Koblinsky, 1983; Gorter et al., 1998; Maung &J.,e1992; Unicef/WHO,
2009; Vu Nguyen et al., 2008mong other factors, postooking activities such as improper
handling of kitchen utensils and poor handwashing practices are risk factors that have been

associated with diarrhoeaausing pathogenms food in Malawi(Taulo et al., 2008, 2009)
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However,the studies by Taulo et al (2008 and 2009) focused on microbiological assessment
of the food and associated utensils without developing an intervention to improve food

hygiene behaviours at household level.

Despite theprevalenceof foodborne disease ilLMICs little effort has been made to
understand and improve food hygiene practicesurban andrural household setting
Improving food hygiene behaviours is important for the promotion of child health
progranmes(e.g. nutritionprogranmes) since complementary feeding and WASH have been
associated witha high risk of growth failuréLin et al., 2013; Merchant et al., 2003; Ngure,
2012; Victora et al., 2010Nevertheless, there has been less emphasis orgrateng food
hygiene in nutrition programmin{Dodos et al., 2017Previous research focused much on
measuring microbial contamination in food with little attention to the development of tailor
made food hygiene behaviour change interventi¢gsiri et al., 2001a; Imong et al., 1995a;
Iroegbu et al., 2000; Schmitt et al., 1997; Taulo et al., 2008, 2008¢re esearchhas
developed and tested food hygiene behaviour change interventithese have beefocused

on increasing thdevel of knowledgeaand theprovision of WASH infrastructure, but did not
address psychosocitdctorsthat are integral to the performance of a behavidislam et al.,
2013; Monte et al., 1997; Sheth & Obrah, 2004; Eairal., 2013)It has beerdemonstrated
that access to knowledge alone does not achieve sustained hygiene behaviour ¢Gantige

et al., 2011)

To achieve sustained behaviour change, it is essential to consider the effects and impact of all
personal, social, environmental, and psychosocial factors that directly and ifgirelzte to

hygiene practices, including the structural and semtonomic barriers that household
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members may facéMosler, 2012) Models to promote positive, sustained behaviour change

in the WASH sector, including household food hygiene interventions, must therefore have a
strong element of human psychology to support knowledge dedhnological based
interventions (Biran et al., 2014b; Curtis et al., 201Within the WASH sector, several
models, such s Risks, Attitudes, Norms, Abilities, and -Rafulation (RANASMosler,
2012) Behaviour Centreddesign (BCD)Aunger & Curtis, 2016and SaniFOANDevine,
2009) have been developed, and shown to achieve this. For example, recent studies
conducted in low income countries have demonstrated the potential impact of individual
training, followup and participatory approaches (with hazard analysis polas) on the
safety of domestically produced complementary fod@autam et al., 2017a; Islam et al.,
2013; Manjang et al., 2018 oure et al., 2013) However, these studies did not reveal which
psychosocial factors changed because of the interventiamd were therefore responsible

for changng the targeted behaviours. In addition, the studies were of a small (pilot) scale,
with limited duration and sample sizeand with a focus on homogenous populations,

intensive training and education.

1.3 Significance of a food hygiene study in Malawi

As one ofthe poorest countries in the worldWorld Bank, 2019¢)Malawi has a high
prevalence of diarrhoeal disease among children under the age of five years, reported at 22%
in 2016, an increase from the 17.5% reported in 2QG@vernment of Malawi, 2016)t
should be mentioned that thprevalence of childhood diarrhoea in Mali increases to over

40% when children are between®18 months old(Government of Malawi, 2016hich

could be directly linked to complementary foods and geophaldyis high prevalence of
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childhood diarrhoea could be one of the contributing factors to the highemfide mortality

rate (62 deaths per 1000 birth§igure2) experienced in MalawiGovernment ofMalawi,

2016) Amongst other factors, such as respiratory infections and malaria, inadequate access
to sanitation and hygiene services contributes to sadtigh childhood mortality rate. For
instance, improved sanitation coverage remains Ev62% with 6% of the population still
practicing open defecation (Government of Malawi, 2019)}urthermore, only 19.5% of
households have handwashing facilities, with only 10.7% of these facilities having soap and
water (Government of Malawi, 2016 overage o$afe water is high (85% inral and 98% in
urban areas) in Malaw{Government of Malawi, 2016)However, WHO/UNICERDbint
Monitoring reports that 69%, 20%, 9% and #%dMalawiaccess basic, limited, unimproved
and surface water respectivel(WHO/Unicef, 2019} Further, reports have indicated
compromisedvater quality at household level due to poor transportatiand storagesince

the majority of Malawians in rural areas (72%) access their water for domestic use from a
communal source (mostly boreholesand household water treatment is rare (30%)

(Government of Malawi, 2016)

L Basic Drinking water from an improved source provided collection time is not more than 30 minutes for a rounduing queuing
Limited: Drinking water from an improved source where collection time exceeds over 30 minutes for a roundtrip to collect water,
including queuing

Unimproved:Drinking water from an unprotected dug well or unprotected spring

Surface water (No servicerinking waer collected directly from a river, dam, lake, pond, stream, canal or irrigation channel
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Figure2: Trends in early childhood mortality rates in Malg@iovernment of Malawi, 2016)

Despite that the majority of children (61%) are exclusively breastfed during their first six
months of life, childhood malnutrition still remains hi¢@overnment of Malawi, 2016fa
instance, stunting is at 37%, wasting at 3%, and underweight among children aged five years
and below is at 12%-{gure3). In addition, only 8% of ¢hchildren aged 23 months meet

the minimum acceptable dietary standards.
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Figure3: Trends in nutritional status of children aged five years and below in Malawi
(Government of Malawi, 2016)

The Government of Malawi in collaboration with its development partners such as UNICEF

and USAID have implemented a number of programmes to improve chilchhEaltinstance,

F22R &adzLJLJ SYSy Gl A2y adzOK Fa WwW{OFItAy3a ! LI bdzi
adzOK Fa W 2YYdzyAde [SR ¢2GFt {FyAdFdA2YyQ 6/ |
priority to promote child nutrition and prevent diarrhoediseasegGovernment of Malawi,

2018&; Phiri, 2016)Despite international efforts to reduce food contamination at the point

of consumption as a critical component of public health interventions, food hygiene
promotion activities have been poorly prioritized in Malawi. For instance, the current

Wht GA 23 SO0a2dd) bdzNARGAZ2Y t2fA08 FYyR {GNF GS3IAC
have not emphasized the need to promote food hygiene behaviours at household level
(Government of Malawi, 2006, 2048 In addition, little research on food hygiene Haesen

conducted in Malawi, and those undertaken mostly focused on the identification of critical

control points, without designing and testing interventiorg taking into consideration
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necessarybehaviour changeopportunities (Taulo et al., 2008, 2009More evidence is
needed on optimal interventin design and delivery targeting vulnerable groups in LMICs, the
barriers and opportunities to effectively improve food hygiene at the household level, and as
a result reduce enteric infections in high burden populations. W#Ohas outlined five key
pradices to reduce microbiological contamination in the household environment
handwashing with sogseparating raw and cooked foodsooking food thoroughtystoring

food at safe temperaturesand using safe water and raw materigi¥HO, 2014)However,
evidence of intervention effectiveness, barriers to improved practices, and health impact is
limited. This research is intended to serve as a catalyst for effective, context specific food

hygiene interventions to promot&od hygiene behaviours in LMICs including Malawi.

1.4  Aim and objectives

1.4.1 Study aim

The main aim of this study was to design and test food hygiene behaviour change intervention
using the RANAS (Risk, Attitude, Norms, Ability and;S$etjulation)approachto behaviour
change with the purpose of understanding the efficacy of the intervention in improving food
hygiene behaviours among child caregivers with children aged fives yemt below in rural

households of Malawi.

Specific objectives
1. To identify research anpgrogrammegaps in food hygiene at household leveLMIC
Thus, through literature review, this objective provides an overview of the existing critical

control points and actions in preventing foodborne illnesses at household level. In
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addition, previous food hygiene research intervention trial8VASHoehaviair change
theories were reviewed. The following research questions were included Wigective

1 (presented in

.. Chapter 2

a) What is theprevalenceof foodborne disease globally?
b) What are theresearchgaps associated with existing critical control points for the
prevention of foodborne disease at household levdlMIG?
c) What are the existing research gaps associated with household fogabrey
interventions inLMIG?
d) Which WASH behaviour change theapproachis suitable fora food hygiene
behaviour change intervention tria rural Malaw®
5. To identify and evaluate current food hygiene practices among child caregivers with
children aged five years and below in rural households of Malawi.
Thus, this research objective identified household food hygiene practices through six
months of formativeresearchapplyinga mixed methods approacin 320 households
within rural setting(presented inChapter 3. Relevantesearch questionBereincluded:
a) What are the current food hygiene practices amongst household members in the

targeted households?
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b) Which food hygiene practices are critical to ghievention offoodbornediseases
including diarrhoea among children aged five years and below?

6. To investigate and interpret the behaviourfdctors (psychosocial and contextual)
associated with food hygiene practic@dentified in objective2) amongchild caregivers
with children aged five years and below in rural households of Malprsénted in
Chapter 3.

The purpose of this objective was toaover which of théoehaviouraffactorsunderlying
food hygieneoracticesdentified in objective2 were relevant to the undesired behaviours
of those who did not perform the recommended targeted behavio(irs. the non ¢
doerg. Ths objectiveprovided the mechanisms underlying undedile behaviours
enabling the developnent of interventions tailored specificallfo overcome such
undesiredbehaviour The research questions included:

a) Whatarethe contextualfactorsof the food hygiene behavioa?

b) Whatarethe psychosocidhactorsof the food hygiene behaviours?

7. To develop and implement a food hygiene intervention targeting child caregivers with
children aged five years and below in rural households of Malaresénted inChapter
4).

Thus, withinformation from Objectives 2 and 3 (Chapter 3, a tailor made food hygiene
intervention was developedvera period of three months. Behaviour change techniques
(BCTs) of the RANAS model guided the development of the intervention astiwitich
corresponded with the identified behaviourfactors Thisinitial trial periodwas followed

by implementation of the designed food hygiene intervention for a period of 9 mdoths

test its effectiveness. This objective included the followingaesh question:
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a) How could the proposed food hygiene intervention be implemented to deliver the
intended results?
8. To evaluate the effectiveness of the behaviour change intervention on food hygiene
practices among child caregivers with children aged frears and below in rural

households of Malawi after nine months of intervention implementatipneéented in

Chapterc 5). This objective aimetb assess ifood hygienebehaviour change had

happened among the child caregiveeceiving the interventionlt also aimed taeveal
the mechanisms underlying changes in food hygiene behavidaliewing the
intervention. Thus, it ascertained wheth#re behaviour change intervention influenced
changes ithe behaviourafactors and whether the interventiomdirectly influenced the
targeted food hygiene behaviour¥he following research questions were addressed by
this objective

a) Did target behaviars change because of the intervention?

b) Which contextual and psychosocial factors changed between intervention and

control grougs, and how did these vary?
c) Which psychosocial factors changed because of the intervention and therefore

mediated the change in bekaur?

1.5 Overarching research proje@nd structureof the research team

This PhDresearchwas part of a largeproject implemented bythe Sanitation, Hygiene
Applied Research for Equity (SHARE) consotamsisting of researchefsom the University
of Malawi (The Polytechnic- WASHTED Centr@nd the University of Strathclydm

collaboration with the London School of Hygiene andpital Medicine (LSHTMyvith
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funding from the UK AidFpreign Commonwealth and Development OfficeFCDQ)The
overall aim othe SHAREesearch projec{The Hygienic Famili) Malawi was taletermine
the relative effectiveness of food hygiene and WA&tdrventions in preventingliarrhoeal
disease in childremnder five years oldh rural households of Malawihe overall research
programme contained severplannedoutcomes:
Primary outcome:

1 childhood diarrhoea reduction in thietervention households
Secondary outcome

1 Improvedfood hygiene behaviours among the child caregivers in the intervention

households

1 Reduction in respiratory infections among the children in the intervention households

The research aim and objectives of tthesis (lefinedabove) werdocused on the secondary
outcome ofimproved food hygiene behaviours among child caregivers in the intervention
households As a PhD candidate, | was responsible for the behavioural coemanf the
research. Consequentlyl, led the research team highlighted iRigure 4 in conducting
formative research, designing and delivering the interventiamd in evaluating the
intervention trial. The team consistedf three group coordinators who were responsible for
the implementation and fidelity o&ll research related activities in the intervention and
control areas.

A team of five female observers (BSc holders in Social Sciences (n = 1) and Environmental
Health (n = 4)) were trained for five days to condeloecklist and structured observations at
baseline andollow up data collection points. Similarly, household surveys were conducted

by 10 welltrained BSc holders who were experienced research assistants. Both data
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collection teams were fluent in the locEinguage (Chichewa)yhe community coordinators

(n = 40) who facilitated the cluster meetings and conducted household visits were drawn from

the study communitiesSome of them were already serving their communities as community

health volunteers through existing structures such as Village Health Commifté¢C). In

addition, the coordinators were holders of the Malawi School Certificate of Education (MSCE)
GKAOK Aa |y SldAagltSyd G2 G§KS 9y dhenasdarctDSy S NI
project team also included two laboratory technicians veémalyzedhe microbiological food

samples collected during formative research.

SHARE consortium Pland PhD Supervisor
(Dr.TracyMorse)

PhD Candidate
(Kondwani Chi dziwisano)

Dataoffice =1
Group Group
coordinator coordinator Lab
(Intervertion = 2) (Control =1) technicians= 2
HSAs Behaviour Houséold
obsevers=5 suwvey teean =10
Community Community
coordinators coordinators
(Intervention = 40) (Control =10)
Study househalds

Figure4: Structure of the research team

Note: SHARE: Sanitation arglgiene Applied Research for Equity, PI: Principal investigator, HSA: Health Surveillance Assistant, Lab
technician: Laboratory technician
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Chapter 2

Literature review

2.1 Rationale

This chapter provides an overview of timeed and relevance of food hygiene including
burden of foodborne diseases, including transmission of pathogirisod, globally starting

with developed countries. FoOEMIG, it further reviews food hygiene studies, including
intervention trials that have been conducted at household level. Thus, this saedgatifies
important knowledge gaps and provislavailable evidence about food hygiene interventions

at household level WASH behaviour change theories are then introduced, particularly as a
solution to current hygiene behaviours among rural household communities. A range of
behaviour change models are discussed, beforeRANAS model of behaviour change as a
method of canmunicating thefood hygiene behaviour change intervention in this study is

presented, including its relevance to positively elicit WASH behaviour change.
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2.2 The need for food hygiene

For a long time, poor hygiene and sanitation practices have been wellrkmas critical
contributing factors to the causation of childhood diasda and malnutrition. Measures to
improve WASH, as well as food supplementation, including exclusive breastfeeding, have
been put in place to prevent pathogens from causing such dese@asen et al., 2015;
Dangour et al., 2013; Nizame et al., 2Q13pwever, there hae been few interventions in
LMIG to reduce bacterial contamination in food; a key component of theligram(Figure

1) (Penakalapati2017). Lack of such food hygiene interventions is linked to the fact that
WASH stakeholders have emphasized that contaminated water is the major transmission
route of diarrhoeal diseases at household le(@urtis et al., 2011)This relates to what has
been reported previouslythat over 90% of diarrhoea in children is associated with poor
sanitation, lack of safe water, and inadequate personal hygiéamison et al., 2006As such,
activities to promote safe water supply are highly prioritized in developing countries. In
addition, programme implementers are advised to focus on safe disposal of human faeces
and handwashing with soap after latrine ug&urtis et al., 2011However in 1989 a detailed

study was conducted which provided noticeable evidence that childhood diarrhded|i@

could also be linked to contaminated fo¢Hrsey & Feachem, 1989Jhe authors suggested

the need to design low cost food hygiene interventions to promote household food hygiene
behaviours Although this gained little traction at the time, it was subsequedtigumented

that food could be more important than water in the transmission of diarrhoeal pathogens in
low income countriegLanata, 2003)and astudy in India showed that coliforms weadsent

in drinking waterwhile significant concentraticsof the same wee identified in food meant

for children.As suchhigh diarrhoeadisease prevalence under-fives may well be attributed

to contaminated food Sheth efal., 2000)

32



2.3 Relevance of complementary food hygiene to child nutrition
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Food contamination

Disease:
Incidence
Severity
Duration
Weight loss Appetite loss
Growth faltering Nutrient loss
Lowered immunity M alabsor ption
Mucosal damage Altered metabolism
Inadequate

dietary intake

Food shortage

Figure5: Malnutrition and the infection cycléTomkins & Watson, 1989)
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2.4 Theprevalenceof foodborne diseases
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Figure6: Ranking of foodborne hazards globally for 2010, expressed as Disability Adjusted

Life YeargHavelaar et al., 2015)
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Figure8: Global trend of child mortality between 19%5®015(Roser et al., 2015)
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2.5Microbial growth and transmission of pathogens in food
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122N F22R LINBLI NI GA2YyZEX FSSRREYIGRYRSYXUS NI 8 82NJ
FYR GAYS0X 6KAOK NBadzZ G Ay F22R KA3IKEe& O2
O 2 y & dzY{Ebirifet2aly; 2001a; Gautam & Curtis, 2013; Motarjemi et al., 1994a; Omemu &
Omeike, 201Gp 2A0KAY (KBYREYSAIED2BY®BA2NBER |0 | Y6
0S O2yRdzOA @GS F2NJ 6KS & dzZNIDAPDHIKE MBARID I NY R & LB D A
2FFE Y2y SKES FAYIASNIALIA OF yo b &NNE & SEIH2 R IS 2 3 nA
NHzNJ f y2NIKSNY ¢KIAflFIYyR aK2¢6SR GKIG GKS deéLis
GKS @S| NE Y2 iK@Gnkyzetal, 50950 VSRR dxC2 RiS 2/F  Qinddg YAy I
et al., 1989)QANB I Gf & O2yiNAROdziSR G2 O2YLX SYSy (!l N
O2y G YAYFGA2Yy 2F FTSSRAYy3 dziSyairfasxs F22R ad2N
Fa AYLR2 NB WAl F2@0R20 O 2 y i 1 ®&sycboltidy 2dfivities that include
unhygienichandling of kitchen utensils, and poor handwashing practices are risk factors that

have been associated with diarrhoeausing pathogens in food in MalafW¥iaulo et al., 2008,

2009)

2.6 Hazard analysis and critical control points (HACCP)
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Figure9: Process flow of HazarhalysiCritical Control PointBryan & Organation, 1992)
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2.7Foodborne diseases iHigh Income Guntries (HIC)

Communicabléoodbornediseases continue to be a major cause of illnegsICIn 2005, he
WHOreported that every year one third of the population in developed countries has an
infection whose pathogens are acquired through contaminated {WHO, 2005)In the USA
alone in 2011,it was reported that 1,000 disease outbreaks and an estimated 48 million
illnesses, 128,000 hospitalizations, and 3,000 deaitsurreddue to contaminated food
(Scallan, Griffin, et al., 2011; Scallan, Hoekstra, et al., 20%fje n the UKin 2005,
2,366,000 cases, 21,138 hospitalizations, 718 deatrs reported (Adak et al., 2005)While

in Australia contaminated food causes 4.1 millitmodborne cases costing 1.2 million
Australian ddhrs annually(OzFoodNet, 2015)This indicates thafoodborne diseases
remains apublic health challengén developed countriegKhabbaz et al., 2014 his has
resulted in many studies conducted developed countries to fully understand thieot

causes ofoodbornediseases and possible interventions have been suggested. Some of the
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interventions include provision of training to both food handlers and consurtidegowicz

et al., 2017; Soon et al., 2012 owever, it has been proven that such trainings focuses on
the provision of information, and does not necessarily deal with the behaviours that cause
foodborneillnesses(Mathias et al., 1994; Wright & Feun, 1986urthermore, it has been
reported that knowledge alone is insufficient to trigger preventive practices and that some
mechanisms are needed to motivate actiand generate positive attitudgg&gan et al., 2007;
Pilling et al., 2008)Egan et al (2007) concluded that there is a need to come up with food
hygiene interventio methods that have been demonstrated to not only impart knowledge,

but also bring about behaviour change.

Ly | addzRé Ay 9dzNRPLISZ AdG ¢la y20SR GKFG tF0
refrigerated storage of foodsespecially among adulte&sas amongst the contributors to
foodborne diseaseqEvans & Redmond, 2014)The study suggested targeting food safety
education to reduce risks mostly associated with listeriosis in the home. In another study
conducted in the Netherland@-ischer et al., 2007)t was observed that consumers had
adequate knowledge about cross contamination and heating in the preventiwodborne

illness, howeer, this knowledge was not translated into practice. The study noted actual
behaviour to prepare safe food was as a resultadtition of behavioural cues to an

information interventionand not knowledge about food safety.

In order for a foodhygiene intervention to be successful, it is necessary to understand

different behaviours performed by different consumers. It has been reported that it is

important to identify how likely it is thathe general publiconduct specific se{frotective
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behaviours, as there is evidence thatople exhibit profound individual differences in the

extent to which they adopt such behavioufsscher et al., 2007)

Earlier studies have assessed factors that lead to contamination of food in developed
countries which include unhygienic storage conditions, contaminated utensils, poor personal
hygiene, inadequate cooking and demand for cheap fiigahch et al., 2006; Medeiros et al.,
2004; sanlier, 2009)Contamination of food at different points during storage, preparation
and eating has been assated with age and gender, as well as exposure to the media. It has
been highlighted that men, the youth and the very old are prone to prepare unhygienic food
(Fein et al., 2011)The same author suggested that high level of exposure to the media is

important in raising awareness of consumers about food safety hazards.

2.8 Foodborne dseases and food hygiene studiesliow andMiddle Income Countries

2.8.1 Foodborne diseases in low and middle income countries
While in developed countries information regarding food poisoning and foodborne diseases

is available, there is limited data about tisauseand extent of such diseasesliMIG. The

WHO reported that epidemiological data abdiaibdborne diseases irLMICsremains very

limited (WHO, 2015b)This is not to suggest that contaminated food is absent, but rather
foodborneoutbreaks are often not reported, unrecognized, or may only be reported when
there is a major public health or economic crig@?HO, 2015b) Detailed systematic
foodborne investigation initiatives which include epidemiological studies are not frequently
undertaken, while public health authorities and the general public learn about foodborne
diseaseoutbreaks from the news medi#aferstein, 2003) It has been observed that in some
instances foodborne diseases are just reported as diarrhoeal diseases because the specific

diseasecausing agent is not identified. Hence the spegifiportion of foodborne diseases
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in LMIG is not clea(Woldt & Moy, 2015) Kéaferstein(2003) noted that in the pr000
period, food safety was not comred a priority, but rather a privilege for developed
countries, hence governments in low income countries did not invest much in food safety

issues, hence little is known about foodborne diseases in this part of the world.

Despite the limitedvork on foodborne disease in LMEGomeresearchhas been undertaken.
Section 28.2 below presents a review oseven food hygiene studigable2) that were
conducted in sevehMIG to identify key priority areas that could be targeted to improve
food hygiene practices at household level. Wigbetions 28.3 to 28.5 present another set
of seven food hygiene studieslgble 3) that were conducted to test food hygiene
interventions that were designed to improve food hygiene behaviours in household setting in
LMIG. The author of this Thesis conducted a narrative review of journallestpublished in
peer reviewed journalriteria for the selection of the 14 studies included:
1. Journal articles that werpublished inpeer reviewedournals
2. Journal articles that included the following as key words: complementary food
hygiene household food hygiene, food hygiene behaviours, microbial contamination
of food and household food hygiene interventions
3. Methods appropriate to research questienabout household food hygienavith
emphasis on randomized controlled trials, controlled befaand after studies,
uncontrolled studies, interrupted time series, and surveys
4. Studies linked to theorgf behaviour change
5. Clearly stated aims and objectives

6. A clear description of context with priority &tMIG
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7. A clear description ahe study populaton, with priority on children under 5 years of
age

8. A clear description of fieldwork methods, including use of accepted HACCP strategy
methods to determine key problems and critical control pojrsd use of accepted
univariate and multivariate analyses determine statistically significant associations

and risk factors

2.8.2 Studies on the identification of key priority areas for action to improve food
hygiene practices at household level in low and middle income countries

Researchers have reported on several exploratory studies hlbaae beenconducted to
identify key critical control points that may need to be considered for food hygiene
interventions (Table2). This section reviewed seven studies that were conducted to identify
key priority areas for action to improve food hygiene practices at household level in LMICs.
The HACCP approach was used to explore food preparatid storage procedures that
contribute to food contamination, and microbial growth and survival in NiggElari et al.,
2001a) In this study where food samples were collected for microbiological analysis, three
critical control points were identified: purchase of uncontaminated food; thorough cooking
and reheating of food; and decreasing storage time ofdeftr food at ambientemperature.
Similarly, a study in Bangladesh that used the HACCP approach identified thorough cooking
and reheating of food as critical to the prevention of diarrhoea. In addition, the study
reported other critical control points: adequate handwashinghwsoap; adequate washing

of utensils with soap; adequate treatment of water; and covering of food with @didm et

al., 2013. While a HACCP approach study in the Dominican Republic identified a number of

ONRGAOFE O2yiNRf LRAyda F2NJ OKAf RNByQa YAf]|
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and disinfecting bottles, nipples and pans used to store milk, and usemsed to dispense

the milk (Michanie et al., 1987)In India, collection of samples with subsequent
microbiological analysis revealed four critical points: thoroagbking and reheatingf food,
adequate handwashing with soppdequate washing of utensils with sgegnd decreasing
storage time at ambient temperature of ready to eat fo@heth et al., 2000A study in Brazil
found that thorough cooking and reheating of food, adequate handwashing with soap and
decreasing storage time of food at ambient temperature were important factors for
consideration to improve wglity of household food§Sobel et al., 2004 Bimilarly, thorough
cooking and reheating of food and decreasing storage time of food at ambient temperature
were identified as critical points for interventieim Zambia(Schmitt et al., 1997)While in

Mali, thorough cooking, reheating, washing utensils with soap before use and covering of left
over foodwith a tight fitting cover were identified as critical to prevent transmission of
diarrhoeal pathogens through fooflou et al., 2011a)Table2 summarizes the findings
from these seven studies which identified various practices that predisposed children and
other household members to diarrhoeal pathogexposure Such practices incled use of
contaminated raw food items, contaminated hands while preparing food or eating,
contaminated utensils, long storage of cooked food (i.e. storage over six hours), inadequate
time and temperature to reheat stored lefiver food, use of contaminatedater during food

preparation and cooked food left uncovered.
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Table2: Critical control points to promote food hygiene practices at household level

Critical control point Nigeria(Ehiri

Bangladesh Dominican India (Sheth Brazil(Sobel Zambia Mali

etal., 2@1a) (Islam etal., RepublicanMichanie et al., 2000) et al., 2004) (Schmittet al., (Tou et

Thorough cooking and reheating K

=

Purchase uncontaminated food
Decrease food storage time K
Handwashing with soap

Washing utensils with soap
Treatment of water

Covering of food with a lid

Heating of milk

Cooling of milk after heating

2013)
K

X X R R

et al., 1987) 1997) al., 2011b)
K K K K
K K
K
K

50



As shown inrable2, thorough cooking and reheating of food were identifiedsibyout of
the seven studies as critical control points for improving food hygiene pragtdes et al.,
2001a; Islam et al., 2013; Schmitt et al., 1997; Sheth et al., 2000; S@hel2004; Tour et
al., 2011b) While handwashing was identified by four studjetam et al., 2013; Sheth et
al., 2000; Sobel et al., 2004; Téwt al., 2011b)In four studies, redoedstorage time of
left-over food was also identified as a critical point in the promotion of hygiene at
household leve(Ehiri et al., 2001a; Schmitt et al., 1997; Sheth et al., 2000; Sobel et al.,
2004)

Previous studies have also identified various contextual factors influepeirigrmanceof
recommended WASH and food hygiene behaviowsirfstance, increased handwashing
behaviour has been associated with presence of a fixed handwashing facilitywsdap
and wealth of the househol(Bowen et al., 2013; Gilman et al., 1993; Scott et al., 2007,

Seimetz et al., 2016a)

2.8.3 Intervention studies to improve food hygiene practices in low and middle income
countries

Previous research studies have designed and delivered interventions aimed at improving food
hygiene practices in urban and rural household settings in low income countries. In this thesis,
seven food hygiene intervention studies conducted in Né@autam et al., 2017ajsambia
(Manjang et al., 2018)Brazil(Monte et al., 1997) Vietnam(Takanashi et al., 201,3Mali

(Toue et al., 2013) Bangladesliislam et al., 2013nd India(Sheth et al., 200)ave been
reviewed. The seven food hygiene intervention studies used different methods to identify the
critical practices for intervention. For instance, formative @b that involved structured

observation of behaviours, household surveys and Focus Group Discussions (FGDs) were used
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to inform designing of behaviour change interventions to improve food hygiene practices in
Nepal(Gautam et al., 2017asambiagManjang et al., 2018Brazil(Monte et al., 1997and
Vietnam (Takanashi et al., 2013or these studies, selection of behaviours was based on
various factors which included the extent of undesired behaviours in the communities, the
likelihood of reducing diarrhoeal pathogens if practicing of the bahas is to change, and

the feasibility of changing the behaviours with reference to the context where they occur.
The remainingstudies, conducted in Ma(iTout et al., 2013)and Bangladesfislam et al.,
2013) used the HACCP approach to identify thgaal control points to be targeted with the
interventions. In the study in Bangladesh, four critical control points were identified:
handwashing with soap at selected times (before food preparation, before child feeding, after
Of SI yAy3 OK lafteRuQidg a tat?irie)i udeYof safg¢ water and soap to wash utensils;
thorough cooking of food; thorough reheating of stored cooked food; and covering of cooked
food with a tight fitting cover(lslam et al., 2013)The targeted mothers were split into an
intervention group and a control group, and those in the intervention group were trained for
four weeks on how they could prenebacterial pathogens contaminating the food for their
child. The study confirmed that the HACCP approach substantially reduced the weaning food
contamination among the interventiorgroup. Similarly in Mali, an intervention was
implemented following an adier experimental study which identified four corrective actions

to improve the quality of complementary food: handwashing with soap at critical times (i.e.
0STF2NE F22R LINBLI NI GA2YyS 0STF2NBE OKAfR FSSRAY
using the latrine); washing utensils with safe running water and soap; use of safe water for
preparing food; thorough cooking of food; thorough reheating of stored cooked food; and
covering of cooked food with a tight fitting cov@roue et al, 2011b) The study participants

were also grouped into an interventiorgroup and a control group. After nine months of
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implementing food hygiene promotion activities in the intervention area, a significant
reduction in pathogenic microorganisms was eh&d in food for the child of the
intervention households. Three months after implementation of the intervention, onlya3%
reduction from 47% noticed at baseline survey)fish soup samples were contaminated
when freshly cookedvhile none of the samples were contaminated after reheating amongst

the intervention household§Tou et al., 2013)

Asindicated inTable3, all seven intervention studies reviewed targeted mothers or child
caregivers who had children aged betweeg 8 months(Gautam et al., 2017a; Islam et al.,
2013; Manjang, 2016; Monte et al., 1997; Sheth, 200&kanashi et al., 2013; Tauet al.,

2013) A range of behaviours were targeted by these studies where handwashing with soap
(with variation on the selected critical times) was included in all the seven studies. Repeated
group meetings and householdsits were thecommunication methods used to deliver the
interventions in all the seven studies. For instance, in Nepal, six intensive household visits and
three group meetings were conducted within a space of three months. In Mali, follow up of
mothers thiough household visits were conducted every two weeks for 9 months. Similarly,
intensive household visits in Bangladesh were conducted for a period of 4 weeks. The authors
reported that use of community group meetings and households visits strengthenediaaop

of the new behaviours by the mothers/child caregivers. Considering that most food hygiene
intervention studies were too intensive to realistically be scaled up, it has been suggested
that more studies are required to assess the frequency and inteas#yposure to messages

and key practices needed for adoption of targeted behavidues how to be most effective

with fewer resourcesjWoldt & Moy, 2015)
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Five of the seven studies (in India, Brazil, Vietham, Nepal and Gambia) incorporated Social
Behaviour Change and Communication (SBC) strategies in their interventions to support
bringing change in the targeted behaviouGautam et al., 2017a; Manjang et al., 2018;
Monte et al., 1997; Sheth, 2006; Takanashi et al., 2003 razil althoughthe SBC strategy
helped to bring the desired change, the hats recommended the need to come up with a
communication strategy for the sustainability and scalability of such interven{Moste et

al., 1997) In India, the promotion messages were disseminated through calendars,
pamphlets, posters, flash cards, role play, storytelling, and pup{&sth, 2006)While in
Vietnam, workshops, newsletters, loudspeaker announcements, bulletin board
announcements, andlip charts were used as channels of communicating food hygiene
messages to the study participan{¥akanashi et al., 2013)n Nepal, public community
events, mother/child caregiver group events, household visits, rewards, games andkitche
makeover were used to facilitate behaviour chan@&autam et al., 2017a)The athors
reported that the messages were tailor made to the local context. Thus, the messages were
clear,and materials were simple to use and attractive to generate interest among the study

participants.

A number ofthe studies used influential leadeend change agents during delivery of the
interventions, and this was reported to have a positive influence on the adoption of the
targeted behaviours by the mothers/child caregivékdonte et al., 1997; Takanashi et al.,
2013) The success of an intervention trial in Brazil washatted to the field workers who
were recruited from the study communities and had a good relationship with the study
participants (Gautam et al., 2017a)Similarly, recruitment of local female food hygiene

motivators who were already community health volunteers in the study area in Nepal
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simplified delivery of the intervention sincéey already had good rapport with the study
participants. Takanashi et al (2013) in Vietnam also attributed the success of the food hygiene
intervention study to the good interpersonal relationship between the research team and the

study participants durig household visits.

As shown ornTable3, implementation period of the interventions for the seven reviewed
studies varied greatly, with the longest interventions conducted in Viet(itakanashi et al.,
2013)for 2 yeas, while the shortest interventions were those implemented for 1 month in
Bangladesh, India and Bra@dglam et al., 2013; Monte et al., 1997; Sheth, 204! the
studies were randomized controlled trials that had an intervention and control group except

for the Vietnam and Brazil studi¢slonte et al., 1997; Takanashi et al., 2013)

Improvement in behavioural practices was used to measure the outcome of most of the
intervention studies (6 out of 7) except for the study conducted in Bangladesh which
measured the temperature and bacteriological quality of the fodslam et al., 2013)
Adoption of behaviours was noted in all the six studies that aitoesssesshanges in food
hygiene pratices. The mothers/child caregivers showed behavioural improvement in
washing of utensils with soap, handwashing with soap, thorough cooking of food, thorough
reheating of stored cooked food, covering of stored cooked food with a tight fitting cover and
use of safe water for preparing food and washing utensils. Five out of the seven studies
measured childhood diarrhoea prevalence as the outcome where significant reduction in
diarrhoea was noted at the end of the interventi@autam et al., 2017a; Islam et al., 2013
Sheth, 2006; Takanashi et al., 2013; Eafral., 2013) The studies in Mali and India further

showed improvement in the level of knowledge among mothers/child caregi(&heth,

55



2006; Toué et al., 2013) However, sustainability of the outcome was not reviewed after

completion of the intervention.

56



Table3: Selected food hygiene intervention studies at household level implemented in low and middle income cqiwitigs& Moy, 2015)

Title and author, Study area Target Targeted Intervention Communication  Number of Duration of the Outcome Results
year and design population behaviours activities channel study intervention
participants
Trial of a Novel  Nepal Mothers of Thorough Games, rewards, Local rallies, 219 3 months Adoption of The target
Intervention to (Rural), children 6¢ cooking, storytelling, Group meeting improved behavious
Improve Randomiz 59 months Washing utensils drama, with mothers and behaviours, were more
Multiple Food ed control with soap/ash,  competitions household visits diarrhoea common in the
Hygiene trial handwashing and kitchen prevalence. intervention
Behavious in with soap, makeovers than in the
Nepal, Gautam proper storage control group
et al (2017) of cooked food, (43%
reheating of versus 2%
cooked food, during follow
boiling of up
water/milk
Cluster Gambia Mothers of Washing of pots Games, rewards, Loal rallies, 615 3 months Adoption of Adoption of
Randomized (Rural). children 6¢ and utensils drama, Songs, Group meeting improved improved
Controlled Trial Randomiz 24 months before serving  competitions, with mothers and behaviours practices higher
to Investigate ed control food, video show fathers among
the Effectiveness trial handwashing (separately), and intervention
of Weaning with soap household visits (72%)
Food Hygiene compared to
Intervention for control (19%)
Mothers in Rural group
Gambia, after
Manjang, B intervention
(2016)
Designing Brazil Mothers of Handwashing Training of Training of 75 1 month Adoption of 53¢80% of
educational (Urban), children @11  with soap, mothers about the mothers, improved mothers
messages to Trial of months boiling water for targeted household visits behaviours adopted at least
improve improved reconstituting behaviours 1
weaning food practice powdered milk, Practice.
hygiene feeding gruel 60% of mothers
practices of with cup and who tried to
families living in spoon rather adopt 4
poverty, Monte than using practices were
et al (1997) bottle, not able to do so

for 4 weeks
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storing gruels

and milk.

Long term Vietnam Mothers/care Handwashing Village workshops, Diarrhoea Significant

impact of (Urban), with soap, use  loudspeaker newsletters, prevalence, reduction in

community Longitudin children aged of separate announcements, loudspeaker Adoption of diarrhoea..
based al study 6 ¢ 48 months utensils placing of posters announcements, improved Adoption of the

information, between raw in strategic places, bulletin boards, behaviours 11 out of 17

education and and cooked meeting with and fip chart, food hygiene

communication food, washing mothers/child household visits behaviours
activities on OKAt RQ& caregivers,

food hygiene with soap,

and food safety preparing food

behaviours in on a table

Vietham: A

longitudinal

study, Tanakashi

et al (2013).

Piloting an Mali Mothers/care Handwashing Training of Group meetings, Presencel/abse Significant

intervention to (Urban), with soap, mothers/child househotl visits. nce of reduction of

improve Randomiz children aged washing utensils caregivers, follow pathogens in  pathogens in
microbiological  ed control 6¢ 18 months with soap, use  up of food, complementary
food safety in trial of safe water for mothers/child Adoption of food among the
peri urban Mali, preparing food, caregivers in improved intervention

Toure et al thorough households behaviours, group.

(2013). cooking of food, increase in improved
thorough knowledge knowledge and
reheating of performance of
food, cover the targeted
cooked food behaviours
with tight fitting among
lid during participants in
storage. the intervention

group.

Hygiene Banglades Handwashing Training of Group meetings Presence/abse Significant

intervention h (Rural), caregivers of with soap, use  mothers/child nce of reduction of the

reduces Randomiz children 18 of safe water for caregivers pathogens in  pathogens in

contamination ed control preparing food food and food and water

of weaning food trial and washing water, among the
utensils, temperature intervention
thorough group.
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in Bangladesh,

cooking of food,

of food before Temperature of

Islam et al thorough eating. food during
(2013) reheating of serving was
cooked stored high among the
food, covering intervention
the food with a group.
lid during
storage.
Food safety India Mothers of - Training of Group meetings - 1 month Diarrhoea Reduction in
education as an  (Urban), children aged mothers/child prevalence, diarrhoea
effective (study 6 ¢ 24 months caregivers Adoption of prevalence.
strategy to type not improved Improvement in
reduce known). behaviours, the adoption of
diarrhoeal improved targeted
morbidities in knowledge. behaviours by
children less the intervention

than two years
of age, Sheth et
al (2006).

group.
Improvement in
knowledge on
the causes of
diarrhoea
among the
intervention

group.
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2.8.4 Implications of food hygiene studies in low and middle income countries

Literature has shown that critical control points identified as crucial in interrupting the
transmission cycle of diarrhoeal diseases inclut®rough cooking and reheating of fopd

washing utensils with soaghandwashing with soap (before food preparation, before child
FSSRAYIAKSEFGAYIAT | FGSNI Of SI y A yahd covering drfood with2 0 G 2 Y
tight fitting cover(Gautam et al., 2017a; Islam et al., 2013; Baetral., 2013) These key critical

points to keep food safe relate well withose identified by theAVVHOas five keys to safer food,

that include keeping clean (e.g. hands and utensils), sejpgreaw and cooked food, cooking
thoroughly, keeping food at safer temperatures, and using safe water and raw ma(§veio,

2014) Amongst the key points, thorougtooking and reheating have been strongly emphasized

by previous research studi¢Gautam et al., 2017a; Islam et,&013, 2013; Monte et al., 1997)

However, these studies did not provide details of the perceptions (which include motivators and
barriers) of the community members about their ability to perform these behaviours. Similarly,
handwashing with soap at éhfour critical times (before food preparation, before child
FSSRAYIAKSEFGAYIT TFGSN) Ot SIyAya OKAftRQa o20G0G2
recommended(Curtis & Cairncross, 2003d&jowever, the handwashing with soap practice at
household level is affected by an array of factors including availability of the handwashing facility,

soap and watel(Biran et al., 2005; Scott et al., 2007; Seimetz et al., 2016t®rventions to

improve and sustainhandwashing with soap may need to focus on all thécati factors in

addition to ensuring that key stakeholders and communities select options that are applicable to

their context.
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Despite the availability of these food hygiene critical control points, it is necessary that
researchers should always assewhich gaps (critical control points) are specifically related to
their study areas. This will subsequently lead to the design of an effective,-ntade food
hygiene intervention package. As suggested earlier, it is important that food hygiene
interventions should not be designed to address numerous behaviours at once, but rather a few,
whose implementation will drastically contribute to the reduction of diarrhoeal pathogens in

food (USAID, 2011)

The use of the HACCP approach has been found to be very effective in the identification of critical
control points at household lev@Ehiri & Prowse, 1999%uch that it may be necessary to include
this approach during the initial assessment to understand the causes and factors responsible for
diarrhoeal diseases among children at household leitehas been argued that adequate
bacteriological evidence exsthat may informthe design of a food hygiene intervention without
carrying outadditional microbial analysis studies; though context specific studies may be
required to validate the available eviden¢@/oldt & Moy, 2015) The HACCP procegsn be
expensive and time consumirfgmicrobiological assessment is appligdonte et al., 1997)In
addition, the HACCP approach does not take into accaunéstablish potential effective
Behaviour Change Techniques (BCTs). Furtlespite its benefits,tihas been argued that it is

not a requirement to conductuch HACCP analysis in each and every food hygiene(Stadiyt

& Moy, 2015) Considering that HACQRs been effectively used, there igormation already
available from previous HACCP studidgch may be used to provide directioon the specific

behaviours to be targeted with a food hygiene intervention. Woldt and Moy (2015) further
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suggested that observational studies could be used to identify the alribehaviours based on
existing bacteriological evidence which could later be used to develop tools for the quantification
of the risky behaviours. However, this should be carefully considered to ensure ahgt
suggested behaviours targeted withan intervention shouldsignificantly reduce diarrhoeal
pathogen exposure Nevertheless, HACCP studies still remain an important tool in the
identification of critical control points and should not be ruled out if context specific interventions

are to be asigned for a particular area.

In addition to the HACCP approach, it is important that researchers should incorpaditenal
formative researchmethodsto advise on how food hygiene interventions should be designed.
Formative research provides usefoformation about food hygiene perceptions and practices
that reveal motivators and barriers (e.g. culture, norms and beliefs) that may need to be
considered during the design of an interventigWoldt & Moy, 2015) Personal status and
nurture/desire to care for the child were identified as some of the motivators to the performance
of food hygiene behaviours in rural Neg@&autam et al., 2017a; Gautam & Curtis, 20Y8hile

a systematiceview in selectedd MICshowed that social norms (doing what is perceived as being
performed by others) were strongly associated with washing hands using (§haps et al.,
2009) it is important to note that Curtiet al, (2009) did not find fear of illness or disease as a
strong motivator to the performance of handwashing with soap. In a formative study in
LYR2YS&aAlXS Y2G0KSNB 6SNB F2dzyR G2 | aaz20Al4S
milestones (e.g. crawlg and teethingjUsfar et al., 2010Moldt and Moy(2015) argued that in

circumstanes like these, it would be difficult to convince the mothers to follow recommended
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food hygiene behaviours to prevent diarrhoea in children. Thus, the author concluded that other
Y2O0AQFGA2y L+ YSaal 3Sa &adzO0K | & &y dzhag deddwfa e Y &
fear messages. Use of cues for action in food hygiene interventions has been found to be very
helpful in bringing change worldwide. For instance, use of behavioural cues (such as placing of
food hygiene posters in strategic places) were foundbe significant in reducing cross
contamination rather than depending on food hygiene information alone in Viet{leakanashi

et al., 2013) Similarly, disruption of environmental setting (i.e. change in kitchen set up) which

in some wayacted as a cue to the mothers of young children was useful in bringing the desired

behaviour chang¢Gautam et al., 2017a)

In the seven food hygiene intervention studies assessed, different channels of communication
such as household visits, group meetings with mothers/child caregivers and provision of SBC
materials (e.g. posters) we used to disseminate the intervention messages. Much as each
channel of communication is essential, previous research has shown that combining the channels
of communications in a WASH behaviour change intervention study is more beneficial since it
reaches the wide communityScott et al., 2008)However, as earlier suggested, it is important

to assess the most effective combination channels of communication applicable to a specific area

(Curtis et al., 2011)

The intervention studies reviewed in this chapter were mostly intensive and the activities such
as household visits and group meetings were repeatedly conducted togttréhe interaction

between the research team and study participants. In addition, various change agents were used



to deliver the intervention activities. The success of the intervention studies was in part
attributable to the intensive/repeated approadogether with the use of the change agents.
However, it has been reported that previous food hygiene intervention studies did not measure
the intensity of the interventions, how much intervention produces how much behaviour change
and at what cos{Woldt & Moy, 2015)Furthermore, it has been questioned towhat type of
change agents are most influential in bringing the recommended changes in beh@urtis et

al., 2001)

Importantly, most previous research interventions on food hygiene did not include social and
behaviour change theorie@Voldt & Moy, 2015)For instance, only tw@Gautam et al., 2017a,;
Manjang et al., 2018put of the seven intervention studies reviewed in this chapter applied the
behaviour change model (i.e. the Behaviour Centred Dégignger & Curtis, 201@) the design,
implementation and evaluation of the interventions. It is important that future intervention
studies should incorporate behaviour change theories in order to clearly assess the behavioural
factors such as knowledge, attitude, beliefs, sda@rms, availability and access to resources
that affect thesustainedperformance of the desired behaviours at individual, household/family

and community leve{Woldt & Moy, 2015)

2.8.5 Limitations of the food hygiene intervention studies

Despite reported success on previous food hygiene intervention studies, limitations have also
been highlighted.The $ort duration of the studies has been identified ase of the major

limitations. For instancethe duration of five out of the seven studies highlightedTiable 3,
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ranged from 13 months. Only two studiesh Mali and Vietnamwere implemented for 9 months

and 2 years respectively. Studies of lenduration are necessary to determine if the results ar
reproducible over a large scal@Voldt & Moy, 2015) In addition, Woldtand Moy (2015)
recommended that future studies should assess factors that contribute to long term adoption or

non-adoption of desired food hygiene behaviours.

Two of the seven studies, in Brazil and Vietnam, did not include control g{Mgse et al.,
1997; Takanashi et al., 2B). It is important that intervention studies include control groups to
allow comparison of the key outcomes with the intervention group when measuring
effectiveness of the trial. Effectiveness of some of the intervention studies (e.g. study in Vjetnam
depended on selfeported data. However, it has been argued that use of observations has been
helpful in assessing changes in targeted behaviours among study particigamts et al., 1993)

In a systematic review by Woldt and Moy (20015), the authors reported that some intervention
studies providedncentives hat had the possibility of affecting the results (i.e. through bias). For
example, the study in Mali provided handwashing kits to both the intervention and control

groups(Toue et al., 2013)

Importantly, use of behaviour change theories was very uncommon in the previous research
related to food hygiene interventions. Use of behaviour change models provide a clear guidance

on howinterventions should be designed, implemented and evalug§i#&dldt & Moy, 2015)



2.9 Water, Sanitation and Hygiene Behaviour Change Theories

It has been reported that safe water supply, sanitation and hygiene initiatives could reduce
diarrhoeal related deaths by 65%WVaterAd, 2009) Governments and donor partners have
invested a lot of resources towards provision of WASH infrastructure such as drilling of boreholes,
innovation of water treatment technologies, construction of pit latrines and installation of
handwashing dcilities (Peal et al., 2010)Use of low cost WASH technologies that are context
specific can considerably contribute to pubhealth improvemens (Howitt et al., 2012)
However, it has been reportetthat provision of WASH infrastructure alone may not facilitate its
intended use (Cairncross & Shordt, 20045tanton et al (199 and Pearl et al (2010)
recommended that in order to achieve maximum utilization of WASH infrastructure and a high
degree of hygiene behaviours, behaviour change strategies should be integrated in WASH

programming.

Performance of a behaviour result®i the processes that happen in the brain which depends

2y Ydzf GALX S Tl OG2NA &dzOK +Fa AYRAGARdzZ f Qa |
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emotions (Contzen & Mosler, 2015#) ! & &dzOK>X GKSasS FI O02N&
RSGSNNVAYlIYyGAaQ GKFG RSGS NWehaliGursIniGsNie slMridefstvdd 2 F  dz
and targeted with behaviour change imentions. It is important that programmienplementers

know which behavioural factors contribute to the performance of unhealthy behaviours among
specific community members. Such information is necessary for the practitioners to know which
interventions changesychosocial factorf®r conducting successful behaur change campaigns

(Mosler, 2012)
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Previous research has explored the behavioural factors thetierchine specific WASH
behaviours. This has led teocial scientists developing theoretical models, explanatory
frameworks, and decision making models to provide guidance on how behaviour change
interventions should be developed to promote low cost teclugiés that enable improved
water, sanitation and hygiene (WASH) practiceshHG (Dreibelbis et al., 2013aj\pplication of

such behaviour change theories in the design and implementation of social behaviour change
programmes hve the potential to facilitate improved WASH behaviqiaker et al., 2010; Glanz

& Bishop, 2010)So far, researchers have developed different WASH behaviour change theories
that are designed to impve WASH behaviours in various contextual and environmental
conditions, targeting single or multiple behaviours. Such models are based on historical theories
that were founded on the principles of cognitimed sociapsychology, such as thdealth Belief

Model (Rosenstock, 1974Yhe Protection Motivation Theory (Floyd et al., 2000Q)the Health

Action ProcessApproach(Schwarzer, 2008nd theTheory ofFannedBehaviour(Ajzen, 1991)
However, the historical theories could not cover all the possible bieliaai factors For instance,

the Theory ofMannedBehaviour andHealth Belief Model were found not to address the issues

of impulsivity, habit, selfegulation, associative learning and emotional procesgMgst &
Brown, 2013)Hence, recent theories have been developed to address some of these gaps. The
sections below highlight some of the recestudies that developed/reviewedehaviour change

theoriesthat can be applicable to food hygiene behaviours
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2.9.1 COMB Framework

Thismodel focuses on three preequisites for behaviour chand®lichie et al., 2011)

1) Capability. the person has the psychological and physical capacity to perform a particular
behaviour. It includes having the knowledge and skills for the performance of the behaviour.

2) Opportunity: the person hasll the externalfactors which include social anenvironmental

factors that enables the execution of a behaviour.

3) Motivation: the person hasall psychological processes in the brain that stimulates
LISNF2NXYIFYOS 2F || 0SKI@A2dzN» ¢KA&a AyOfdzRSa Iy
the behaviour.

This framework has been applied in various research projects. For instance, it was used to
develop novel child caregiver hygiene behaviour measures in a formative study in(Mémy@k

et al., 2018) However, the framework did not provide specific behaviour change techgaique
(BCTs) for interventiorihe BehaviourChangeWheel (BCW), which is an overarching framework

for the COMB, is yet to develop specific BCTs for its intervention funct{dtishie et al., 2011)
Nevertheless, it provides a systematic analysis on how to make the selection of pdlicibse

et al.,, 2011) The COMB framework is more related to the World Bank and Sanitation

t NEINI YYSQa Ch!a 06F2N KI yR #dtich hehgvidurs) belyaRourd | y A C
change frameworks, wherepportunity, ability and motivation are the key components for
behaviour change(Coombes & Devine, 2010; Devine, 200%he saniFOAM framework
emphasizes the sanitation behaviours to be promoted in a given population (Focus) through
targeting specific behaviaal factors that have been categorized agpportunity, ability and

motivation (Devine, 2009) While the FOAM approach emphasizes the behaviofaetiors
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(Opportunity, Ability and Motivation) that need to be targeted in a handwashing with soap
campaign in a given populatio)lCoombes & Devine, 2010Jhus, the saniFOAlEInd FOAM

frameworks specifically focus on sanitation and handwashing with soap behaviours respectively.

2.9.2 The Behaviour Centred Design (BCD) Framework

The Behaviour Centred Design (BCllgmework scrutinizes the behaviour in its physical,
biological,social and temporal contextindwas developed to design and evaluate behaviour
change interventions(Aunger & Curtis, 2016Yhis theory of change was formulated based on
other existing theories such as tleinforcementLearningTheory (Sutton & Barto, 1998)he
BEvolution of BehaviouralControl (Aunger & Curtis, 2015p)he Anatomy of Motivation (Aunger

& Curtis, 2013and theBehaviour&ettingsTheory(Barker, 1968)The implementation of the BCD

framework follows five sequential steps that inclu@gunger &Curtis, 2015a)

1. Assess:this initial stage involves gathering what is alreakhyown about the targeted
behaviour;

2. Build: It involves carrying out formative research with the study participants to fully
understand the targeted behaviours in their context. It assesses and suggests the possible
drivers to bring about change;

3. Create: This stage involves an innovative team thigisigns an intervention based on the
information gathered from formative research;

4. Deliver: This is the actual delivering of the intervention using various methods of
communication such as community events and household visits;

5. Evaluate:this final stag aims at assessing the impact of the intervention
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It is recommended that following all these five steps in a behaviour change programme would
lead to novel, creative and sustainable solutions to context specific behaviour change problems
(Aunger & Curtis, 2016)n addition, the BCD theory of change aitogisrupt environmental
settings, while creating surprise which results thre revaluation and performance of the
recommended behaviour. Currently, the BCD model has been applied in various behaviour
change inérventions to promote handwashing with soap, food hygiene and -ppstative
exercise(Biran et al., 2014a; Doyle, 2016; Gautam et al., 2010@3pite being robust, the BCD
framework when applied in previous research work, did not provide an opportunititiiae a
broader ecologicainodel approach to position individual behaviours within a raleitiel causal
framework; rather it exclusively focuses on individiealel factors that influence behavioural

outcomes(McLerq et al., 1988)

2.9.3 Integrated Behaviour Model for Water, Sanitation and Hygiene (IRNMVASH)

IBM is a WASH specific model that provides an integrated approach in designing interventions to
promote water, sanitation and hygiene mostly in rural communities. It is am@lisive model

since it has been developed from detailed analysis of existiagets such as RANAMosler,

2012) FOAM(Coombes & Devine, 201@nd SANIFOANDevine, 2009) Being inclusive, it
attempts to fill the gaps left by other models by organiZiacfors that affect the behaviour in an
ecological framework through three dimensions (i.e. psychosocial, contextual and technological

dimensions).
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Inclusion of psychosocial factors in the IBM model strengthens the understanding of behaviour
factors thatdetermine behaviour at an individual level. The importance of exploring psychosocial
factors in a behaviour change programme have also been emphasized by other existing models
such as thaHealth Belief Model (Rosenstock, 1974Theory ofReasonedAction (Madden et al.,

1992) Theory of PannedBehaviour(Ajzen, 1991)Social Cognitive Theory(Bandura, 1989%nd
RANAS modé€Mosler,2012) Through psychosocial factors, IBM presents factors at an individual
level that influence community cohesion and social integration. This provides an opportunity to
focus on other factors that influence behaviour at different levels in the comtywather than

on the individual. Integration of technological factors in the IBM model enables the inclusion of
hardware componergof WASH in an interventiohelBM model was successfully used to guide
selection of candidate handwashing stations inamtand rural Bangladeghiulland et al., 2013)

In the study conducted by Hulland et al (2018g tnodel informed thematic coding of interview
transcripts and contextualized feasibility and acceptability of specific handwashing station
designs. The IBM was also successfully used to identify factors affecting acceptance of an
improved tool for househlol faeces management for children in rural Bangladéglssain et al.,

2017)

The contextual element of the IBM/ASH framework provides an opportunity for the inclusion

of personal and other environment related factors affecting a particular behaviour in an
intervention. This approach ensures that focus of the intervention should go beyond targeting
behavioural factors at individual level; a scenario which was observed in most models reviewed

during development of IBM e.g. RAN{®ction 2.9.4)Mosler, 2012)It has been observed that
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models that incorporate a muHevel perspective do so only for psychological fast@lated to
behaviour change leaving out contextual and technological fadteigueroa & Kincaid, 2010)
Application of thesethree dimensions makes the IBM a holistic and an inclusive model of

behaviour change that targets all levels in the coumity.

The three dimensions of IBM/ASH framework operates on five leydisghlighted below and

shown inTable4 (Dreibelbis et al., 2013a)

1. Societal/structural levelincludes all th@rganizational, institutional and cultural factors that
influence performance of a given behaviour;

2. Community level it refers to the physical and social environment of an area that have an
influence in the performance of a given behaviour;

3. Interpersonal/household level This focuses on individuals staying in a given locality and how
they interact amongst themselvesid how that shapes their behaviour;

4. Individual level This refers to the inclusion of soal@mographic factors in the model and
K2g GKS@& AaAKILIS 2ySQa o6SKIF JA2dzNIT

5. Habitual level this directly relates with the individual level and assesses the fact that

opportunities related to the performance of WASH practices are repeated several times in a

day and this has an influence on habit formation.
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Table4: Integrated behavioural model for water, sanitation and hygiéBV\WASH)

(Dreibelbis et al.

, 2013D)

Coniexiual l’»j chiosacial Tech nulur.p‘
Levels . =
Factors Factors Factors
Manufacturing, financing, and
Kocielald !"n“-u} and |u:.:|||.'||!i|.|||\. climate and [.|::|-:|-|.'n|'|:|Fh"u|.|'\-::-L'u|.':r. cultiral disteibition of the |1|x:-s!ul:l: clirrenl
Strucinral geography identity and past national policies and

promotion of products

Community

Access 1o markets, access o
resoarees, bunll and ph}'u.,':l.l
environment

Shared values, collective efficacy,
social nlegration, s.l:i|._:||1'_|

].i:ll.'.'Jl.i:lIIl. ACCERR, :|'\..'|:iJ;l|1'||i.I}'.
individual vs, collective
W ||:.:r~.|'|i|:h":s¢-,:ru._ and maintenance

of the product

Roles and responsibilities, household

Sharing of secess 1o proghuct,

hill Iill.'rh I e IH."l il'il.ill. l\.:lll I"I.'I:Iil.'\: il wur

CRULCOITE I.':LFII.'I.'L'I[I.I.I‘JI L]

Tuierpersonall E Inpunctive norms, descnplive nonms, _ :
P structure, division of labour, J - ! muodelling/demonstration of use o
Household aspirntions, shame, nuriure
available space prosduct
' . 5 . . Perceived cosl, value, convenience,
Sy Wealth, age, education, gender, Sell-elhcacy, knowledge, disgust,
Individual L S and other strengths and weaknesses
livelihoodsfemployment perceived threat :
b of the product
Favourable environment for habit . = 3 g y . !
, . . Lo Existing water and sanitation hahiis, Ease/Effectivenzss of routine use of
Healbeitual formmtion, opportunity for amd B

proshuct

Despiteall this, the IBMWASH framework is simple, adaptable and applies to a wide range of
dimensions and levels that influence human behaviour. However, rigorous measurement of the
factors and the application of measurement theory still remain a challenge within thdaino

(Dreibelbis et al., 2013a)

2.9.4 The Risk, Attitude, Norms, Ability and SelRegulation (RANAS) model

It is important that behaviour factorassociated with the targeted behaviours for an intervention
be well understood. Thus, contextual factors that maintain unhealthy behaviours in the targeted

community must be clearly explored. Additionally, it is critical that inner factors that need to be
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addressed by an intervention in a behaviour change programme be well understood. In order to

respond to these sentiments, the Risk, Attitude, Norms, Ability and -Se#gulation (RANAS)

model of behaviour changmay need to beppliedin a behaviour chage intervention(Mosler,

2012) During its development, the RANAS model incorporated a range of existing behaviour

change theories which includ¢éhe Health Belief Model (Rosenstock, 1974)Protection

Motivation Theory (Floyd et al., 2000)ocial Cognitive Theory (Bandura, 1989)the Theory of

PannedBehaviour(Ajzen, 1991 )and theHealth Action ProcessApproach(Schwarzer, 2008 he

use of the four steps outlined iRigurel0 enable a step by step quantitative assessment of

behaviouralfactorsthat permits systematic identification of the factors to be changed and the

selection of the corresponding behaviour changgeategies. The four steps consist of the
following (Contzen & Mosler, 2015b)

1. Behavioural factors identification: At this stage, behaviours to be changed and the
population to be targeted are identified. After identifying the population group to be
targeted, behaviours of interest can be identified through observations and interviews in
formative reseach. Then information about contextual and psychosocial behavioural factors
influencing the targeted behaviours is collected. Such information about the behavioural
factors is allocated to the RANAS psychosocial factors summarized in the RANAS model of
behaviour change. With the use of the RANAS model in classifying the psychosocial and
contextual factors, it helps to ensure that all important factors are included

2. Measure and determine behavioural factorsA RANAS model based questionnaire is
developed to measure the targeted behaviours and potential behavioural factors identified

in Sage 1. This is followed by a doer/naioer analysis to identify behavioural factors
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influencing the behaviours. Thus, respes of those performing the behaviours (doers) are
compared to those not performing the behaviours (rdoers). A significant difference
between the two indicates that the behavioural factor under analysis influences the
behaviour and has to be addressegithe behaviour change techniques (BCTs) to the change
the behaviour.

. Design behaviour change techniqu&Vith the use ofa BCT cataloguithin the RANAS
model, BCTs corresponding to the behaviour under study are selected to be applied in the
behaviourchange strategy to bring the required change in behaviour. Importantly, BCTs in
the catalogue hee to be adapted to the local context. In addition, relevant channels of
communication should be selected. Altogether, the selected BCTs and the suitable lshanne
of communication form a behaviour change strategy.

. Implement and evaluate behavioural change strategi@st measure the effectiveness of the
behaviour change strategies, they are evaluated in a befafter control (BAC) trial. Thus,

the same data cltection tools (e.g. questionnaire and observation guide) are used before and
after implementation of the strategy. In addition, the study includes a control group where
the results from the implemented strategy are compared against. The control groupesnsu
that changes in the behaviour which occurred independently of the implemented strategy
are controlled.

The realized differences in behaviour and behavioural factor scores before and after
implementation of the behaviour strategy are calculated and mgarison is made with the

control group. It is considered that the behaviour change strategy has been effective when



the beforec after difference is larger for the group that received the strategy compared to

the control group.

factors —_— RANAS model
b

2. Measura & determing 3 DoarMon-dosr

behavioral factors Analysis
v

3. Select BCTs & design

oo g s % RANAS Gaies 4»*
v

4. Implement and evaluate . Before-After-Control

behavior change strategies (BAC) trial

Effective bahavior change

FigurelO: Steps of the RANAgpproach(Contzen & Mosler, 2015b)

The RANAS model is therefore very effective during formative research to determine significant
factors required to be addressed by a behaviour change campaign. Within the RANAS model
there are the four key elementthat are attained through the four stegsghlighted inFigure10

(Mosler & Contzen, 2016)
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1. Psychosocial factor blocks
ThaS | NB FTAQPS LaeOK2a20Atrt a¥FI OlreshdrcotudyOtd a ¢ (0 K
determine behavioural factors that contributes to unhealthy behaviour in a study population

(Figurell).

The five factoblocks include:

A. Risk factorst KA a Ay @2t @gSa |aasSaaySyd 27F (K LI NI A ¢
exposure todiseasecausing organismand preventive actions (i.e. factual knowledgahd
perception of contracting a particular disease (i.e. pered vulnerability) and the
consequences of suffering from the disease (i.e. perceived severity). Previous research work
has also shown the perceptions of individuals to disease (Bkg/d et al., 2000; Rosenstock,

1974; Schwarzer, 2008)

B. Attitude factors:¢ KS | G GAGdzRS FI OG2NAR | RRNSaasSa | LI N
time, money and effort) and benefits (e.g. high status) of a particular behaviour. It also
AyOf dzRSa (GKS LISNE2YyQa lFaasSaayvySyid 2F WKS LJ2aA
Included also are the feelings associated with the performance of the behaviour.

C. Normfactors:¢ KA & Ay Of dzZRS&a | LI NOAOALI yiGQa LISNOSLIIA
performed in their society. This includes the behaviour of others such agholtsmembers
and friends (i.e. descriptive normg)nd2 6 KSNE Q F LILINR @F £ 2NJ RA & LILIN
members, relatives, community institutions, local leaders etc (i.e. injunctive norms). It also

OKSO1a d GKS LISNRBR2Y Qi io® (.d. pedonal fodm). G2 LI NI A
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D. Ability factors:! 6 Af A& FlFOU2NER OKSOl 2y I LI NIAOALIY
behaviour (i.e. action knowledge). It also includes tedj@ 2 Yy Q&4 O2y FARSYy OS G2
behaviour (i.e. seléfficacy), confidene to continue with the behaviour (i.e. maintenange
confidence in performanceand confidence to recover the behaviour (i.e. recovery
confidence in performance)The Theory of Planned Behaviour presents the attitude,
normative and ability factors infeld A2y G2 Iy AYRAGARdzZ £ Qa Ayl
behaviour(Ajzen, 1991)

E. Seliregulation factors:The seNBS 3 dzf | G A2y FIF OG2N&R Ay Of dzZRS GKS
maintain a certain behaviour. It also factors in the mechanisms on how to handle existing

barriers to the peformance of the behaviour.
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Information behavior

change techniques Risk factors
Behavior A
Intention
Persuasive behavior change Use
technlgues SR Habit
MNorm behavior change
techniques Norm factors
Infrastructural, skill & Behavior B
ability behavior change Ability factors Ehaviar
techniques

Intentien
Lise
Habit

Planning & relapse

prevention behavior self-regulation factors
change technigues
Social context Physical context Personal context

Figurell: The RANAS modeith the five block factorgMosler& Contzen, 2016)

2. Contextual factors of the RANAS model

The contextual factors within WASH have been described as individual, setting and
environmentalfactorsthat can influence behaviour change and adoption of new technologies
(Dreibelbis et al., 2013ajPrevious research has emphasized the importasfaie interactions
between individuals and their environmental setti@ronfenbrenner, 1977; Gifford et al., 2011;
Seimetz et al., 2016b)n the process of interacting thithe household setting, individuals bring
changes within their environment which later influences their behaviours. Thus, it has been

concluded that behaviours and their behavioural factors that bring alpgmrformance of a

7S



behaviour are entrenched in contextual factor@Contzen & Mosler, 2015b)Furthermore,

Contzen and Mosler (2015b¥tblished that contextual factors can influence the behaviour by
changing behaviour factors and may also attex behaviouraF F OG0 2 NEQ Ay FardzSy OS
In the RANAS model, the contextual factors have been categorised into social (e.g. policies and
economic conditions), physical (e.g. built environment) and personal factors (e.g. age and

education level).

3. Behavioural outcomes

Behavioural outcomes are the desirable or undesirable effects determined by the behavioural

factorsT 0 SKI @A 2 dzMJ2 @ZNE &2 K RgHr& A GocaidBidRto the/RANAS model,

the behavioural outcomes may be presented in three wg@entzen & Mosler, bbby

a. Behaviour: the performance of a particular action. This includes both execution of healthy
and unhealthy behaviours.

b. Intention: the willingness of a person to perform a particular behaviour.

c. Habits: These are established, repeated behavioumattare performed in frequently

occurring circumstances and they are executed with less or without any cognitive effort.

4. Behaviour change techniques (BCTS)

BCTs are the actual activities in an intervention to address behavioural féctosmallest active
components of a behaviour change interventiomhus, they form the intervention strategy of a
behaviour change campaign. It is recommended that BCTs should relate with behavioural factors
that are significant between performers and ngperformers of a particular behaviog€ontzen

& Mosler, 2015h) Specific BCTs have been developed for each psychosocial factor block of the

8C



RANAS model: information BAdsrisk factors; persuasive BCTs for attitude factors; norm BCTs
for normative factors; infrastructural, skill, and ability BCTs for ability factors; and planning and

relapse prevention BCTs for sgégulation factors.

2.10 Application of the RANAS modeh WASH programming

To date, the RANAS model has been successfully used in a number of WASH related formative
and intervention research projects. For instance, the RANAS model has been used to promote
access to safe water in the households of LMR2®drich et al., 2017; Huber & Mosler, 2013;
Lilie et al., 2015; Slekiene & Mosler, 2018he applicatiorof the RANAS model revealed the
psychosocial and contextual factors that influenced cleaning of water containers to avoid
drinking water recontamination in rural Benin where the type of container, commitment,
forgetting and sekefficacy were identified asmportant factors influencing cleanliness of
containers(Stocker & Mosler, @L5) Similarly, the RANAS model helped to identify behavioural
factors related to solar water disinfection (SODIS)n Bolivia(Heri & Mosler, 2008)hygiene
behaviour and SODIS uptakekienya(Graf et al., 2008)and the persuasion factors influencing

the decision to use sustainable household water treatment in Zimbafivaemer & Mosler,
2010) In Chad, the model successfully identified the behaviotaelors and helped in the
designing of an effective interveion to improve household drinking water disinfection practices

(Lilje et al., 2015; Lilje & Mosler, 2018)

The RANAS model has also been used to profmgpgéene behaviours. In Zimbabwe, application

of the model significantly identified the psychosocial and contextactiorsrelated to effective
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handwashing techniques and provided recommendations for interventighsiedrich et al.,
2017) In another study, the RNAS modelvas used toidentified behaviouralfactors for
interventions to increase handwashing practices among school going children in Burundi and
ZimbabwegSeimetz et al., 2017¥%anitation campaigns in Malawi and Ebola prevention egiat

in Gambia have also been promoted using the RANAS niGaehma et al., 2019; Slekiene &
Mosler, 2018) Despite theuse of theRANAS model imarious WASH related studies, tioe
author@knowledge, the RANAS model has never been used to identify behavioural factors and

aid indesigning an intervention to improve household food hygiene behaviours.

2.11 Relevance of the RANAS model in the currentdy

In the current research, the RANAS model, with clearly outlined stegs,used toprovide
procedural guidance during formative research, designing, and testing folb@ hygiene
intervention. In addition, the RANAS model proddgiidelineghat wereusedwhen formulating
data collection tools for identifying behavioural factors. Furthermore, it praviderigorous
measurement of the identified behaviour#ctors between the doers and nedoers of the
healthy behaviours to be implemented. The RANAf8elis core asset is that for each identified
behaviour factor it depicts specifBCTghat are thought to change exactly this factor for the
intervention mapping.

The RANAS model has been identified as one of the few that is intended to be applicabke ac
multiple WASH practices and interventions and associates specific intervention strategies with
each of the identified factor blocksnformation interventions with risk factors; persuasive

interventions with attitudinal factors; infrastructural and ability interventions with ability factors
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(Dreibelbis et al., 2013aYyhus,the RANAS modelonstitutes a solid basis for a theory and

evidencebased intervention selection and development.

2.12 Behaviour change and its relevance on food hygiene

The performance of a particular behavicdt y KIF @S |y Ay Tt dzSyO0S 2y |y
and that of others(Mark & Paul, 2005)The performance of €ln behaviour is complex, as it
RSLISYRa 2y | ydzYoSNI 2F O2yaidaNHzOGad ¢Kdzax OKIFy
requires change in specific behavioufattors (including contextual and psychosocial factors)

that predict human behaviour in a given setting such as attitudes, norms andegelation

attributes (Huber & Mosler, 2013)it should be noted that each behaviour is determined by
different unique factors, and thus each set of behaviours require its own set of explanatory
constrwcts (Mark & Paul, 2005)Previous research in food hygiene focused much on measuring
microbial contamination indod, with little attention to the development of tailor made food

hygiene behaviour change interventio(shiri et al., 2001a; Imong et al., 1995a; Iroegbu et al.,

2000; Schmitt et al., 1997; Taulo et al., 2008, 20A9)suchthe limited research that developed

and tested food hygiene behaviour change interventifistam et al., 2013; Monte et al., 1997,

Sheth & Obrah, 2004; Tatiet al., 2013¥ocused on increasing the level of knowledge, as well as
provision of WASH infrastructure, awlitl not address psychosocitdctorsthat are integral to

the performanceof the behaviour. To bring about behaviour changad considering that

hygiene is determined by a wide range of factors, it is important to understand specific
behaviours responsible for the contamination of food at household level. In addiéictors(e.g.

contextual and psychosocial factors) for the performance of such behaviours should be explored



to understand why the communities perform particular food hygiene related behaviours. Such
an assessment provides the basis for the development of subsegfiective behaviour change

interventions(Contzen & Mosler, 2015a)

2.13 The need for transformativeVASH

The large newesearchtrials of unprecedented scale and cosé(The WASH Benefits and SHINE
studieg reported no impact of a range of WASH interventions on the incidence of diarrheal
disease, despite extensive formative research to inform and support the development of the
intervention content and deliveryMbuyaet al., 2015; Null et al., 2018However, the WASH
Benefits study in Bangladesh did demonstrate a small reduction in diarrhea, albeit with evidence
that there was no benefit from a combined WASH intervention over individual sanitation or
hygiene progams(Luby et al., 2018a)rhis may be attributed to a number of factors, including
the large number of pathways in which children may become exposed to diarrheal disease
pathogens. Studies have demonstrated the potential role of food contamination in diarrheal
disease transmissig particularly complementary foods, which have been found to have higher
levels of contamination than drinking watéfunda et al., 2009; Lanata, 2003; Sheth et al., 2000;

Taulo et al., 2008; Toéet al., 2011b)

Attempts to model the complex mechanisms that potentially link poor sanitation and hygiene to
diarrheal disease, enteric enteropathy, under nutrition, and child development, highlight the
challenges of understanding the myriad of environmental transmisedories and sources of

contamination, which may contribute to diarrheal and other related diseafesrtis &
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Cairncross, 2003a; Roche et al., 2017; Unicef/WHO, 280%)is calls for transformative WASH,
in so much as it encapsulates the guiding principle that any context¢ a comprehensive
package of WASH interventiofise. food hygiene inclusivéd needed that is tailored to address
the local exposure landspa and enteric disease burden to achieve a major impact on child

health(Cumming et al., 2019)



Chapter 3

Ja N

C2NXI GA GBS NBASIF NDK

This chapter provides details about the stualpaanddescribeghe overall research methods.

It further highlightsthe formative researchpresentedin the form of two articles published in

peer reviewed journaléSection 3.7 and 3.8 he formative reseah was conducted in two stages

to inform the design of the food hygiene interventioiihe first stageexamined in detail the

practices and associated behavioural factors at household level related to food safety which may
be contributing to childhood diaginoea. This was achieved using a hazard analysis critical control
point (HACCP) approach to examine the flow of the preparation, storage and feeding of main
complementary foods, with the aim of understanding the local context in which child feeding,
food preparation and storage take placéhe second stagexamined the behaviourdactors

associated with these critical behaviours using the RANAS model described in

Chapter 2

3.2 Study setting: Malawi
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3.2.1 Geographical location

Malawi, a landlocked country, is locatedsouth east Africa and shares boundaries with Zambia
in the west, Tanzania in the north and Mozambique in the east, south and south west. Malawi is
901 km long, 80 to 161 km wide and has an area of 118,484dfmvhich 80% (94,726 Kinis
covered by langdwhile the remaining 20% (24,404 Rnare water bodies (mainly Lake Malawi)
(Government of Malawi, 2011Yhe country is divided into three regions (i.e. Northern, Central

and Southern regiongontaining28 districts(Figurel2).

] TANZANIA

ZAMBIA

MOZAMBIQUE

Ntchis
Central

Figurel2: Map showing the position of Malawi in Africa, including the three regions of Malawi
and the 28 district§Msiska and Nielser2019
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The Southern region has 13 districts, while the Central and the Northern regions have 9 and 6
districts respectively. Each district is divided into Traditional Authorities which are le@tgfa
The Traditional AuthoritfTA)is subdivided into villagewhich are led by Village Headmen

(Government of Malawi, 2011)

3.2.2 Economy of Malawi

Malawi has been ranked as one of the poorest countries in the world. In 2016, 69.6% of
Malawians (mainly from rural areas) lived belowdl90 a dayIMF, 2017) with little to no
improvement since 2010 (70.9%)orld Bank, 2019c)The per capita income for the country is

FG !'{PounX GKAOK A& FIN FTNRY (KS 2@Whg2B17). I y{1 Qa
¢tKS o0l 0102yS 2F alflgAQa SO2y2Yeé RSLISYyRa 2y |
population and contributes to almost 30% of the Gross Domestic Product (GDP) through exports,

A N

of mainly tobacco, tea and sugar, that comprise &% al f I 6 A Qa4 REWBrentA O EL

7 A

of Malawi, 20119 { Ay OS (K O2dzy GNE QA SO2y2Yeé RSLISyYy

P
Qx

fed, it experiences instability due to natural disasters such as long dry spells andspafrieeavy
rain. In addition, inadequate financial resources and unstable macroeconomic environments,
associated with high inflation and interest rates, consistently derail the national ecoqivMiry

2017)

Economically, overdependence on agriculture puts Malawi below average when compared to
other countries in the sub Saharan region that depend on foreig(sifl, 2019) Similar to other

low income countries, Malawi greatly depends on foreign aid for its reoctitransactions and
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development agenda. Between the period 2000 to 2017, Malawi had received about US$1.515

billion from donor partners such as the World Bank and European Wianld Bank, 2019b)

¢tKS O2dzyUNEQA RS@St2LIYSYy(d Aa PrehtBiERgygMGDIE)KS al
a series of fiveyear plans that contribute to the long SNY 3I21 f & 2dzif AySR
development roadmap of Vision 20ZBfidep, 2019 The current MGDS, version lll, Building a
Productive, Competitive and Resilient Nation, will run through to 2022 and focuses on education,

energy, agriculture, healtandtourism (UNDP, 2018)

3.2.3 Population statistics and Ethnic groups

According to the Malawi Population and Housing Census of 2018, the national population is
17,563,749, a 35% increase from 2008, representing a 2.9% per annum intercensal grewth rat
(Government of Miawi, 201&l). The increase in population has the potential to create high
demand for resources including WASH access and food security, leading to an increased
vulnerability among women, children, persons living with disability, and other groups affbgte
natural disasters and other emergencigsovernment of Malawi, 204). Forty four percenof

the population reside in the Southern region, while 43% live in the Centralregid 13% in the
Northern region. In terms of religion, the majority of the Malawian population are Christian
(83%), followed by Muslim (13%), while 2% belong to other religions, and the remaining 2% do

not belong to any religiofGovernment of Malawi, 2018.

LG A& NBLRNISR GKFG yyr 2F alflgAiQa LJ2Ldz | GA

cooking(Government of Malawi, 2018. Furthermore, cooking is done in separate buildings in
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60% of householdsAccording to the 2016 Demographic and Health Survegradl, 11% of
Malawians are connected to electricity; only 4% of the population in rural areas are connected
to the national electricity grid compared with 49% in urban areas. Earth or sand is mostly used to
floor households in rural areas (83%), while cement is comynased to floor urban households

(71%)Government of Malawi, 2016)

According to the 2018 national censushas been reported that the majority (84%) of the

Malawian population live in rural areas, with only 16% residing in urban locgii@msgernment

of Malawi, 2018). Additonally, more females (7,644,147) live in rural areas compared to males
(7,136,238). Slightlsnore thanhalf (51%) of the Malawian population is aged 18 years or under.
Importantly, about 15% of the population are young children aged betwee# Years old Thus,

alfl gAQa LIRLIzZ I GA2Yy A& Yzaluteée &2dzy3s NBIj dza NF

development and survivdlGovernment of Mlawi, 2018l).

In terms of households, Malawi has 3,984,929 households, 39% more than reported in 2008
(Government of Malai, 20181). However, the average household size has decreased from 4.6
to 4.4 persons per household in the same periGdvernment of Malawi, 2018. This may imply

that Malawians are slowly embracing family planning methods to control their family sizes which
is diredly linked to an increase in literacy rate from 64% to 69% between 2008 to 2018

(Government of Malawi, 2008, 20dB

9C



Over the last 15 years, Malawi has experienced an improvement in life expectancy from 45 in
2000 to 63 in 2017World Bank, 2019a)mprovements have also been recorded in other health
indicators. For instance hdd mortality in Malawi has decreased from 183/1000&&1000

births over this time perio@WHO et al., 2019However, the increase in population growth being
experienced in Malawi potentially masks the benefits associated with improved health indicators

since the demand for health sereg keeps on increasing.

3.2.4 Malawi Water Sanitation and Hygiene (WASH) Services

In Malawi, the administration of WASH services is under the Directorate of Water and Sanitation
in the Ministry of Irrigation and Water Development (MolWD), Governmeniafawi. The
services are administered in collaboration with other key ministries such as the Ministry of Health
(MoH); Education; Gender, Children, Disability and Social Welfare; and donor partners such as
the World Bank, UNICEF, the United States Agearcinternational Development (USAID), and
the British Government Foreign, Commonwealth and Development Office (FDCO)
Implementation organizations such as WaterAid, World Vision International, United Purpose and
Goal Malawi also play a major role in thdidery of WASH services at household and institutional
level. Despite the MolWD having overall responsibility for sanitation and hygiene governance,
implementation of activities is primarily done by the MoH because it has a large network of
extension workes (i.e. Health Surveillance Assistants) at grassrieel. This situation has
created coordination challenges between the two ministries. For instance, collaboration
challenges exist for the Malawi National Sanitation and Hygiene Coordination Unit UNSHC
Government body that technically coordinates national programmes. The MolWD chairs this

unit, while the MoH serves as its secretariat.
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3.2.5 Access to safe water in Malawi

Ingestion of faecally contaminated water is an important route of transmissi@wvade variety

of bacterial, viral and protozoan enteric pathogéfi$asen & Cairncross, 2004; Quick et al., 2002)
It has been previously reported thgtobally 1.8 million childhood deaths from diarrhoea were
associated with inadequate access to safe water in 2B&chiPinto et al., 2008)Thus, the

need for availability of safe watén household settingcannot be overemphasized.

Malawi made good progress towards attainment of the Millennium Development Goals in 2015
related to safe water coverag&overnment of Malawi, 2014Howeve, at that time about 15%

of Malawians still remained without access to safe wtdmicef & WHO, 2015Access to safe
water is higher among households in the urban areas (98%), conhparthose located in the

rural areas (85%), where piped tap water and boreholes are the common sources of water points,
respectively.However, WHO/UNICEF Joint Monitoring reports that 69%, 20%, 9% and 2% in
Malawi access basic, limited, unimproved andface water respectivel(WHO/Unicef, 2019

In terms of water treatment, 22% and 33% of the households in urban and rural areas
respectively treat their drinking water where chlorine/bleach is the most common method used
(Government of Malawi, 2011, 2016)he quantity of water used at househd&Velfor various

domestic activities is an important parameter that influence hygiene practices and therefore

2 Basic Drinking water from an improved source provided collection time is not more than 30 minutes for a roundtrip includimgqueui
Limited: Drinking water from afmmproved source where collection time exceeds over 30 minutes for a roundtrip to collect water, including
queuing

Unimproved:Drinking water from an unprotected dug well or unprotected spring

Surface water (No servicePrinking water collected directlydm a river, dam, lake, pond, stream, canal or irrigation channel
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public health(Howard & Bartram, 2003 hus, it is important to ensure that households in rural
settings of Malawhave adequate quantities @ood qualitywater to ensure that they are free
from diarrhoeal diseases, as well as skin and eye infecfi©asncross & Feachem, 1993he
guality of water for drinking and fortber domestic purposes (e.g. preparing food) plays a
significant role in the transmission of diarrhoeal disea@®$10O, 1993)In Malawi, Uganda and
Ethiopia, it has been established that 21% of boreholes are contaminated withl faetter
which compromises public health since boreholes are the major source of water amongst the

rural communities in these countridkapworth et al., 2020)

3.2.6 Access to sanitation in Malawi

Human excreta presents great risk to human health since a gram of fresh human faeces can
contain about 10viral pathogens, 1@1C bacterial pathogens, ¥@rotozoancysts or oocysts,

and 1@10* helminth egg(Feahem et al., 1983)As such, ecess to improved sanitation can
reduce diarrhoeal diseases by 32%87%(Esrey et al., 1991; Waddington & Snilstveit, 2009)
Furthermore, it reduce rates of Trachoma and Ascariasis by 27% and 29% respéesikejyet

al., 1991) Prevous research has indicated that poor sanitation is indirectly linked to acute
respiratory infections among malnourished childrerLMIG (Schmidt, Cairncross, et al., 2009)
Diseases arising from poor sanitation have been associaitdpoverty and account for about

10% of the global burden of diseag@siissUstiin et al., 2008)

Access to improved sanitation in Malawi 9sboptimal. It has been reported that 87% of

Malawian households have a toilet facilifffigure 13). However, only 41% of the Malawian



population has access to an impexl toilet facility, while 6% hano access to sanitation
(Government of Malawi, 2019, 2020jurthermore, the majority of households in rural Malawi
construct traditional latrines with a lifespan of less than 12 months which calls into question the
sustainability of open defecation free (ODF) status in rural villdgegef, 2015)Lack of access

to basic sanitation facilities has the potential to create an environment where community
members are forced to practice open defaecation, a situation which increases the risk of
transmitting diarrhoeal diseases including chole(@abn et al., 2013) The Malawan
Government is committed to improving sanitation access among all Malawians. In order to
achieve this, it has been implementing Community Led Total Sanitation (CLTS), which is a
participatory approach to improve sanitatiaand hygiene behaviour§he CLTS approach was
proven to rapidly improve sanitation coverage in Asia and some countries in Af@ra&
Chambers, 2008)In Malawi, only four out of 28 districts have been declared ODF under the CLTS
programme(Government of Malawi, 2020band reports indicate that most ODF communities
gradually slip back to open defecation at an average rate of 10 grar ger year, suggesting
significant losses over tim@ongartz et al., 2016)mproved sanitation has the potential to
improve environmental faecdli.e. from human and animabontamination, which has been
associated with malnutrition and child healfiaddington & Snilstveit, 2009] hus potentially
contaminated environments in Malawi could affect child growth and developnmiéns calls for

more effort and efficient deliver of WASH behaviour change strategies to achieve long lasting

sustained improvements.

3.2.7 Hygiene practices in Malawi
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Previous research has emphasized how handwashing with soap at critical times can reduce

diarrhoeal prevalence by 30% in a given populaf©urtis & Cairncross, 2003a; EjeaNwadiaro

et al., 2015) Furthermore, use of running water with soap for handwashing is a key indicator for

good hygienic practice atdusehold and institutional leve(Curtis & Cairncross, 2003)

Nevertheless, coverage of handwashing facilities in Malawi remains low (36%), with the presence

of water andsoap in the available handwashing facilities being even lower at(Eigtrel3)

(Government of Malawi, 2020b)
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Figurel3: Malawi WASH data for a deca@@@overnment of Malawi, 2020a)

3.2.8 Food hygiene practices at llalawian household

2019

In 1989 a detailed study was conducted which provided noticeable evidence that childhood

diarrhoea inLMIG could be associated with contaminated fo@dsey & Feachem, 1989hich

was substantiated by Lanata (2003) who documented that food could be more important than

water in the transmission of diarrhoeal pathogens in low income counftiasata, 2003)More



recently, in 2010, the WHO reported th&éodborne agents caused about 420,000 deaths
globallyo 2 | h TZnémpok my YAftA2Yy 5! [,a 65AaloAfAde
F22R02NYS RAI NNK2E8 [hi>X Rvpiednasisiidytdndudted in rural Malawi
showed that postooking activities which include improper handling of kitchen utensils,
prolonged stoage of leftover foodat ambient temperaturgwith no or inadequate reheating)

andpoor handwashing practices, were risk factors associated with diarshaasing pathogens

in food(Taulo et al., 2008, 2009n addtion, animals were kepgh the same room where leftover

food was storedwhich has been associatetith contamination of the foodBrinkman et al.,

1999; Ryan et al., 1996)

Tauloet al (2008 and 2009nvestigated bacterial transfer to cooked thick porridge via ladles
and hands during serving #9 households in Lungwena, rural Malaivhe results showed that
handsof household members preparing fodmecame contaminated witle. coliand S. aureus
cells in the range 0¢®.7 and 2.24.3 logo CFU/cm, respectively, following washing with
contaminated water. Ladles became contaminated with¢8.9logo CFU/cm of E. cdi cells
whereas contamination witl8. aureuson ladles ranged between 1.9 and 4.6 10GFU/cr.
Bacterial transfer from hands to food ranged from <1 to 3.6d@j¥U/g foiE. coliand 2.1 to 4.2
logio CFU/g forS. aureusLadle surfaces transferred froin3 to 3.1 and from 1.2 to 4.3 lag
CFU/g oE. coliand S. aureusrespectively, on to the food. Contamination of food by hands was
significantly (p < 0.05) higher than that of ladles and transfe8.cdureusvas significantly (p <
0.05) higher than thiaof E. coli The amount of bacteria transferred to the recipient depended

on the wash water type and bacteria type. The stughpwedthat although the traditional
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cooking offood deactivatesS. aureusndE. coljthe porridge can be contaminated with hada

during consumption using hands and serving on to a plate with wooden ladles.

Disposal of child faeces in Malawi has been linked to environmental contamirf@ionason et

al., 2000) which potentially can contaminate theouseholdfood, especiallygiventhat open
defecation is mostly practiced by childrenngpared to adult§Pickering et al., 2015Relatedly,
children tend to have a higher prevalen&¥ RA I NNKSIf RAaSlIasS | yR
infections, and thus, their faeces may contain higher levels of pathogens and helminth eggs
(Brown et al., 2013)Improper handling or disposal of young children's faebes been
associated with a 23% increased riskdi@irrhoea [risk ratio (RR)1.23, 95% confidence interval

(CI) 1.181.32](Gil et al., 2004 All this advocatsfor the need to design context appropriate low
cost food hygiene interventions to promote household food hygiene behaviaurgal settings

of LMICs including Malawi.

3.2.9 Overarching policies for Water, Sanitation and Hygiene in Malawi

Compromised quantity and quality of water supply and sanitation services increases the risk of
water and sanitation related diseases which contribute to poor health, loss of productivity and
exacerbation of povertyMara et al., 2010)This situation also increases the risk of childhood
diarrhoea which remains high in Malawi; 22%reported casesn 2016, a slight increase from
2010 (17.5%{Government of Malawi, 2011, 2016Jevertheless, since the early 1990s, Malawi
has been implementing strategies to improve WASH services at all levels. Boc@)s¥ialawi

has developed a series of WASH related legal Acts, strategies and policies that support the
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implementation of WASH programmes as sholable5. The development of such documents
was steered by international guidelines on WASH such as the Alma Atta Declaration of 1978
(WHO, 1978)the Ottawa Charter of 1986/N/HO, 198) the EThekwini Declaration of 2008
(Water and Sanitation programme, 200&8)e Istanbul Programme of Action for Least Developed
Countries (20142020), the Millennium Development Goals (MD@INDP, 2015and the

Sustainable Development Goals (SDG8)DP, 2016)

Table5: Water, Sanitation and Hygiene related Acts, Policies and Strategies for Malawi

Acts of Parliament Policies Strategies
1 Public Health Act (1973) unde {1 National Decentralization 1 Malawi Water Sector Investmen
review by Law Commission Policy (1995) Plan (2012)
1 Environmental Management 9§ National Water Policy (2005) 9§ National Sanitation and Hygiene
Act (1996) 1 National Water Policy (2005) Strategy 201& 2024
1 National Decentralization Act  National Sanitation Policy 1 National 10 YeaBanitation and
(1997)-Council bydaws (2008) Hygiene Investment Plan and
1 Water Works Act (2005) 1 National Health Policy (2012) Strategy (2012, 2022)
1 National School Healthand 1 National Health Sector Strategic
Nutrition Policy (2013) Plan (201%, 2022)
f National Environment Policy 1  National Community Health
(2014) Strategy 201% 2022

9 National Environmental Healtt
Policy 2019

In line with the Sustainable Development Goals (SDGs), the Government of Malawi produced the
Malawi Growth and Development Strategy Il (MGDS) (202022) which has included specific
WASH targets for a period of five ye@iNDP, 2018)n support of the WASH targets highlighted

in the MGDS Il is the National Sanitation and Hygiene Strategy (22024) which aims to
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ensure a healthy environment for human dignipyivacy, rights, and improved quality of life for

all always and everywhere in Malawi by 2q8&bvernment of Malawi, 203

The Malawi WASH related Acts, policies, strategies, and programmes highlight the commitment

from the Malawi Government to improve WASH through investments, research and engagement

in innovativesolutions in sectors like health, agriculture and WASH to improve food security,
KSFf 0K YR -0OSRMASQEAKSISR2OdzYSyia faz2z KAIKEA
implement the SDGs of which water and sanitation for all (SDG 6), health aAgewg)(SDG 3),

and food security and improved nutrition (SDG 2) are to be addressed.

As highlighted in the National Sanitation and Hygiene Strai&gyernment of Malawi, 2013

the Government of Malawi affired its commitment to WASH improvement through

establishment of the following WASH targets that align with the SD& SDG 3: health and well

being and SDG 6: water and sanitation)

1 Increasethe percentage of households with improved sanitation access (climbieg
sanitation ladder) fronthe current 13.8% to 75% by 2030

1 Increase Open Defecation Free (OBdverage from 41.7% to 90% by 2030

1 Increaseéhe number of people accessing safe water supply from 83% to 90% by 2030

1 Increaseahe percentage of households using hand washing facilities with soap from 10.5% to

75% by 2030
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However, Malawi faces numerous dlemges to achieving access to WASH for all by the year
2030. For example, the provision of only 0.03% of the total annual budget from the Government
of Malawi is inadequate to support WASH initiatiy€overnment of Malawi, 2020burrently,

80% of the WASH financial resources come from the donor partners. This demonstrates the
I32BSNYYSyYy (i Qa 7Flcdnfmiedelt onithe eVh8k@itii Déckaratiof2008) which
requires African Governments to spend at least 1.5% of their GDP on YWsgétAid, 2016a)

The available funding is mosthanneledto the improvement of water supply, wit little
resources assigned for sanitation and hygiéhaterAid, 2016h)Furthermore, WaterAid (2016)
highlighted unequal distributionfdVASH infrastructure, lack of proper leadership organization
for WASH, unreliable water supply, poor coordination and integration among WASH stakeholders
and limited capacity by the civil society and rgovernmental organizations (NGOSs) to achieve

real dange in the sector.

Though WASH, food security and nutrition have been prioritized in some commitments from the
Government of Malawi, food hygiene has not been incorporated adequately. This concurs with
findings of studies indicating that the food camiination pathway has not been adequately
addressed,and is an overlooked opportunity in WASH, nutrition and heé&®auam et al.,

2017a; Humphrey et al., 2015; Motarjemi, 2000; Teoetral., 2013)

3.2.10 Nutrition and food safety related policiegn Malawi

Thecurrent MalawiNational MultiSector Nutrition Policy 202022 (Government of Malawi,

2018a) has been developed following the review of tlfiest National Nutrition Policy and
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Strategic Plan 20@2012 (Government of Malawi, 2007Yhe 2018¢ 2022 policy intendgo
provide a guiding framework for the successful implementation of the national nutrition
response; address the existing and emerging national and global issues; and consequently,
dzLIK2f R (0KS D2@SNYyYSyidQa O2YYAGYSy itian2Tad NR a
following strategies were included to be used in the implementation of the policy: National
Nutrition Education and Communicatiomfant andYoung Child Feeding (IYCF); Micronutrient;
Adolescent Nutrition; School Health and Nutrition; EarlyldDioiod Development; Communiy
based Management of Acute Malnutrition (CMAM); Nutrition Care Support and Treatment
(NCST); anerevention andlreatment ofNutrition-Related NonCommunicable Diseases (NCDs).
The Policy has identified eight priority areasi@vhinclude: iyprevention of undernutrition; ii)
gender equality, equity, protection, participation and empowerment for improved nutrition; iii)
treatment and control of acute malnutrition; ipyevention and management of overweight and
nutrition-related NCDs; v)nutrition education, social mobilization, and positive behaviour
change; vi)nutrition during emergency situations; vigreating an enabling environment for

nutrition; and viii)nutrition monitoring, evaluation, research and surveillance.

Revew of both thecurrent (2018; 2022) and previous (20@&72012) policies revealed that issues

of WASH and food hygiene were not included highly prioritized compared to the nutrition specific
interventions.This is evidenced hifie lack of WASH and food hygiene on the list of priority areas.
Much as WASH was included under the Malawi National Education Policy, context specific details

on how it would be integrated with nutrition activities was not indicatbdaddition, the Malawi
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National Sanitation Poliggzovernment of Malawi, 2008)as not included on the list of national

policies to be linked with nutrition programming.

Unlikenutrition, Malawi has no specificational food safety policy and strategies to coordinate
roles and align activities to appropriate government departtsgiMorse et al., 2018)Lack of
national food safety policy in Malawi is a clear indication that this sector has been lowly
prioritized. For instance, despite that issues of nutritional quality and safety of food are
inextricably linked, donedriven responses to stunting and malnutritibdias led to much stronger
support for the nutrition sector, to the detriment of the food safety secfdtorse et al., 2018)
Theavailable policies and regulationBable6) related to food management systexfor Malawi
focuses on commercial food with little attention on household food safety and hyparethey
have been describeds weak, fragmented and lack proper coordinat{®&AO, 2015; FAO/WHO,
2005; Morse et al., 2018Morse et al (2018) emphasized on the need to recognize household
food safety andhygiene ifsignificantprogress is to be madia the reduction of the burden of

foodborne diseases.
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Table6: Summary of main policies amelislation which affect food safety and quality in Malawi

(Morse et al., 2018)

Current related food policies

Nutrition Policy (and strategy) 208

National Alcohol Policy 2012

National Fisheries and Aquaculture Policy 2012
Health Promotion Policy 2013

National Quality Policy 2014

National Agriculture Policy 2016

National Environmental Health Policy (draft)

3.3 Chikwawa district

Current Acts of parliament

Public Health Act 1948

Malawi Bureau of Standards Act 1972:2012
Fisheries Conservation and Management Act 1!
Meat and Meat Products Act 1976

Milk and Milk Products Act 1971

Pharmacy, Medicines and Poisons Act 1988
Local Government Act 1998

Hotels and Tourism Act 1968 (plus amendment
lodisation of Salt Act 1995

Consumer Protection Act 2003

Competition and Fair Trade Act 1998

Control of Goods Act 1968

Business Licensing Act 2012

Theresearch documented in this thedise. formative and intervention trial) was conducted in

four out of 12 rural administrative traditional authorities (TAs) in Chikwawa district, located in
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the Southern region of MalawfFigurel4). Three TAswere selectedn collaboration with the
District Coordinating Team (inter sectoral team that coordinates WASH activities at district level)
based on the following factors: the geographic locatioargl remote area), socio economic
status (low income communities), access to safe water, status of the communities in terms of
being declaredDDF, and high diarrhoeal disease prevalencheThree TAs (i.e. Ngowe, Ngabu
and Masache) which share geographhibaundaries, served as the intervention areas, while
further TA (i.e. Maseya) located approximately 20km away from the intervention areas acted as
the control. Formative research took place in the same TA as the interve(tboensure

household similarities)ut amongst householdsot enrolled in the intervention implementation

group.

The district is in a loying area and, therefore, prone to flooding in the rainy season. Similar to
other districts of Malawi, Chikwawaak two seasons per year, that is, rainy/farming season that
lasts from November to April and dry/off farming season from May to October. The district has
an annual average temperature of 28C7(14.2C minimum and 36°C maximum) and an annual

average raifall of 797 mm(Climate Data Organization, 2018)

104



Figureld: Map of Malawi showing the study location

Covering an area of 4755 Rnthe district has an estimated population of 518,287, of which 16%
are under the age of five years, with an average of 4.4 people per houséBmlérnment of
Malawi, 2014, 2016; Malawi National Statistical office, 20Tfe District has an undéive
mortality rate of 90 deaths per 1000 births compared to 85 at national I&8elvernment of
Malawi, 2016) Full vaccination coverage is 62.8%, which is hi¢/em the national average
(54%), however diseases, suchchgdhooddiarrhoea, remain higher in Chikwawa (26.3%) than
nationally (22%JGovernment of Malawi, 2014, 2016)\cute respiratory infection rates among
under five children are 9% (7.8% nationally). Seventy percent of children under six months were
reported to be exclusively breastfed with 88.6% being introduced tad Solods after the
recommended six months. Chikwawa remains one of the district where the highest rate of acute
malnutrition in Malawi has been recorded (6.6% against national rate of Z8&gef, 2016)

Being rural, Chikwawa is one of the districts with thedgsiliteracy rate (58%) and ranks low on
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the economidndicator wealth indeXGovernment of Malawi, 2019Most of the households in
the district earn their living through subsistence farming. Access to improved water sources in
Chikwawa is 86.6%, however, improved saftatcoverage is 42.4¥%overnment of Malawi,
2016) Twenty four percent of the households have hand washing facilities, and only 10.7% of
the households have hand washing facilities with soap and water avaif&aeernment of

Malawi, 2016)

3.4 Overall research methods

A mixed methd approach was applied in the implementation of this reseatchech &
Onwuegbuzie, 2009) Mixed methods investigations involve integrating quantitative and
gualitative data collection and analysis in a single study or a programme of ifgamgon et al.,
2004) The integration component of mixed methods add value to the research asstrgiaders

more confidence in the results and the conclusions they draw from the giO@athian et al

2010) This form of research is more than simply collecting both quantitative and qualitative data;
it indicates that data will be integrated, related, or mixed at some stage of the research process.
The underlying logic of mixing is that neither gtigative nor qualitative methods are sufficient

in themselves to capture the trends and details of the situation. When used in combination, both
guantitative and qualitative data yield a more complete analysis, and they complement each

other to ensure vatlity and reliability of the collected data.

Mixed methods research builds on both quantitative and qualitative approaches. In the
guantitative approach, the investigator relies on numerical data to test the relationships between

the variablegMiro & Magangi, 2011)The researcher tests the theories about reality, looks for
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cause and effect, and uses quantitative measures to gather data to test the hypotheses. The
researcher relates the variables to determine the magnitude and frequency dfordaips.
Quantitative studies are either descriptive or experimental. A descriptive study establishes
associations between variables, while an experiment establishes probable causality. Hence, the
goal of quantitative research is to describe the trendserplain the relationships between the
variables. The sample size is large and is randomly selected from the larger population to be able
to generalize the results to the population. The main quantitative designs include experimental,
quast experimentaland correlational and survey research designs. To collect data for the study,
the researcher identifies independent, dependent and control varial@eswell, 2005and
collects the data using existing or pHetsted, sedeveloped instruments intended to yield

reliable and valid score$Miro & Magangi, 2011)

In contrast to the quantitative approach, qualitative research approaches reality from a
constructivist position, which allows for multiple meanings of individual experie(Geba &

Lincoln, 1988)In this approach a researcher develops a complex, holistic picture, analyses words,
reports detailed views of informants, and conducts the study in a natural s€iitayk, 2008)

The goal of qualitative research is to explore and undgand a central phenomenon in a
gualitative research stud¢Creswell, 2005)The research questions are general and broad, and
4881 G2 dzyRSNEGF YR LI NI A ORphdngmérari The sami8eNsieeSis” O S a
often small and purposefully selected from those individuals who have the most experience with

the studied phenomenorfPatton, 1990) The major qualitative research designs include case
study, phenomenology, grounded theory, ethnography and narrative resé@ieink, 2008)The

main types of qualitative data includes transcripts from individual and focus group interviews
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with participants, observations, documents about the studied phenomenon, audiovisual
materialsand artefacts( that is, material objects used by the people). Interpretation involves
stating the larger meaning of the findings and personal reflections about the lessons learned

(Guba & Lincoln, 1988)

In this study, both qualitative and quantitative methods were used tdecbldata during
formative research and at end line evaluation. The two methods complemented each other to

ensure validity and reliability of the collected data. Through this approach, a number of tools

(highlighted inChapter 3and Chapterg 5) were developed and used to meet the objectives of
the study.

3.5 Conceptual frameworks of the study

The study applied two conceptual frameworks: 1). HACCP approach (Section 2.6) was applied
during formative research to identify key critical control points the improvement of food
hygiene at household level. 2) The RANAS model (Section 2.9.4) was applied during formative
research, implementation and evaluation of the trishe RANAS model provided guidance in the
identification of the behavioural factorand the corresponding behaviour change techniques
(BCTs) that could be applied to the identified gé@desler & Contzen, 2016Consequently, it
provided scientific guidance on which strategies to follow during the intervention. Because
human behaviour occuiis an environmental setting where a number of factors come into play,

understanding of psychosocial factors alone may not be enough to bring about behaviour change.
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As such, this must be complemented with details of the contextual factors where the behavi

occurs and the RANAS model provided an opportunity for such understanding.

Section3.7and3.8are articles published in peer reviewed journals and they present key findings

of the formative research in relation to the targeted food hygiene behaviours.
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Abstract: Diarrhoeal disease remains one of the leading causes of morbidity and mortality
in the under-five population, particularly in low income settings such as sub-Saharan Africa.
Despite significant progress in sanitation and water access, faecal-oral infections persist in these
populations. Therefore, a better understanding of these transmission pathways, and how potential
risk factors can be reduced within low income contexts is needed. This study, conducted in Southern
Malawi from June to October 2017, used a mixed methods approach to collect data from household
surveys (n = 323), checklists (n = 31), structured observations (1 = 80), and microbiological food
samples (n = 20). Results showed that food prepared for immediate consumption (primarily porridge
for children) posed a low health risk. Poor hygiene practices increased the risk of contamination from
shared family meals. Faecal and Staphylococcal bacteria were associated with poor hand hygiene
and unhygienic eating conditions. Leftover food storage and inadequate pre-consumption heating
increased the risk of contamination. Improvements in food hygiene and hand hygiene practices at
critical points could reduce the risk of diarrhoeal disease for children under 2 years but must consider
the contextual structural barriers to improved practice like access to handwashing facilities, soap,
food and water storage.

Keywords: food hygiene; food safety; complementary food; child feeding; Malawi

1. Introduction

Diarrhoeal disease remains one of the leading causes of morbidity and mortality in the under-five
population globally, with approximately 424,000 deaths annually [1]. The Malawi Demographic and
Health Survey (2016) indicated that 22% of children under the age of five years had diarrhoea two
weeks before the survey, a slight increase from the 17.5% reported in 2010 [2,3]. The high prevalence of
childhood diarrhoea could be one of the contributing factors to the high under-five mortality rate (62
deaths per 1000 births) experienced in Malawi [2]. Primary sources of direct and indirect contamination
have been clearly outlined in the F-diagram for decades [4], highlighting the key transmission routes
for pathogenic organisms. Recent research undertaken in low income countries [5-9] has expanded
on the F-diagram to better illustrate the links between under-five behaviours, daily activities, and
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faecal exposure. Several studies have now reported the significance of child play areas, mouthing,
geophagia, animal contact, and water as potential sources of diarrhoeal disease transmission within
these settings [10-14].

Previous studies have highlighted the important role of food hygiene in diarrhoeal disease
prevention, a key but often neglected area of the F-diagram. However, significant numbers of pathogens
have been isolated in complementary food in Sub-Saharan Africa, Bangladesh and Peru [15-15], most
of which have been associated with prolonged food storage at high ambient temperature, seasonality,
and unclean utensils [16-22]. In addition, studies have reported significant associations between
diarrhoeal disease and lack of a kitchen, kitchen cleanliness, handwashing at critical times, feeding
practices, waste disposal and storage of food on the floor [23-28]. Post-cooking activities that include
improper handling of kitchen utensils, and poor handwashing practices are risk factors that have been
associated with diarrhoea-causing pathogens in food in Malawi [29,30].

Diarrhoeal disease interventions have traditionally focused on water, sanitation and handwashing
with soap (WASH), with little integration of food hygiene programmes [12]. Nevertheless, the
contribution of food in the transmission of diarrhoeal disease has been clearly outlined by a 2015 WHO
report which attributed 70% of the burden of foodborne disease to sub-Saharan African and South
East Asia, with 40% affecting children under the age of five [31]. Despite rising evidence of the role
of food in disease transmission, attempts to model the complex mechanisms which potentially link
these to diarrhoeal disease, enteric enteropathy, under nutrition and child development are limited,
primarily due to the myriad contributing factors [32-36]. Recent studies conducted in Nepal, Gambia
and Mali have shown the potential impact of child caregiver training, follow-up and participatory
approaches (including hazard analysis principles at household level) on the safety of domestically
produced complementary foods [37-40]. Previous studies on diarrhoeal discase prevention conducted
in Malawi indicated the importance of handwashing, water treatment and use of latrine in diarrhoea
prevention [41,42]. However, few studies have explored child feeding practices and their potential
effects on childhood diarrhoea in this setting.

Research has shown the need to apply the Hazard Analysis Critical Control Point (HACCP) strategy
to identify hazards associated with complementary food preparation, handling, storage and child
feeding practices, with subsequent identification of effective control points [19]. Although previous
studies have contributed to our understanding of complementary foods as a source of pathogen
transmission, most have focused specifically on the levels of microbial contamination in foods. There is
still a need to understand cultural practices including how, when and what children under five are fed
throughout the day, the other items they are mouthing, behavioural factors that contribute to caregiver
actions, and the microbiological quality of foods provided across that time span. By assessing these
potentially risky practices, we can assess cross-cultural similarities with other studies in the region,
and provide a basis for developing effective interventions both regionally and locally to improve food
hygiene practices. Therefore, the specific objectives of this paper were to: (1) identify practices and
associated factors at household level related to food contamination, child mouthing, handwashing
practices and kitchen utensils; and (2) develop a flow diagram of the preparation, storage and feeding
of main complementary foods with the aim of understanding the local context in which child feeding,
food preparation and storage take place. This study was a component of a larger body of work to
understand potential infection pathways of children under the age of five years in an intervention trial
to improve child health in rural settings of Malawi.

2. Materials and Methods

2.1. Setting and Population

This was a formative study undertaken in the Southern Region of Malawi in Chikwawa District
from June to October 2017. Covering an area of 4878 km?, the district has a population of 564,684, of
which 16% are under the age of 5 years [2,43]. Full vaccination coverage is 76.4%, which is in line
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with national coverage (75.8%). Acute respiratory infections among under-5 children were 6% (5%
nationally). 70% of children under 6 months were reported to be exclusively breastfed with 88.6%
being introduced to solid foods after the recommended 6 months. Being rural, the Chikwawa district
is one of the districts with the lowest literacy rate (65.2% young female and 70.4% voung male) and
ranks low on the wealth index indicators [2,44]. Access to improved water sources in Chikwawa is
&6.6%. However, improved sanitation coverage is 42.4% [2]. Twenty-four percent of households have
handwashing facilities, which is slightly higher than at the national level {19.5%). However, only 10.7%
of households have handwashing facilities with soap and water, despite 44% of households having
soap available for other needs within the home [2,44],

2.2, Recruitment amd Participants

Malawi is divided into 28 Districts, which are subdivided into Traditional Authorities (TAs).
Each TA contains villages, which are administered by chiefs and/or village heads. There are 12
Traditional Authorities (TAs) within Chikwawa district. This work was based in two TAs selected in
collaboration with the District Health Office,

The number of households and population in the study area were obtained from the community
health workers” (locally known Health Surveillance Assistants) register. Houscholds were selected in
the 4 stages of the study using systematic random sampling from the register. All participants in Stages
1.2, and 4 were part of Stage 3 (Table 1). A sample size of 295 was calculated based on the Chikwawa
district diarrhoea prevalence of 26.3%, with an acceptable error margin of 5% [44]. Taking into account
non-responses and missing data, the sample size increased to 323,

Table 1. Stages of the data collection method.

Stage of Data Collection Data Collection Method Number
Stage 1 Checklist observations 3
Stage 2 Structured observations 80
Stage 3 Demographic and secio-economic questionnaire 323
Stage 4 24 h food sampling households i}

To ensure that there were no significant variations in access to water, all recruited households
resided within a 300 m radius of a functioning protected borehole. Eligible households had a child aged
between 3 and 24 months, The age of the children was verified through birth andfor immunization
records supplied by the caregiver. Physical recruitment was conducted by trained research assistants
with the approval and support of community health workers (Health Surveillance Assistants) and
traditional leaders (village chiefs). Written consent was received from all households willing to
participate before allocation of a household identification number and associated barcode. Pre-testing
of all data collection tools was conducted to identify and eliminate irrelevant questions while key
questions were further edited for easy understanding.

2.3, Obseroations

Toidentify critical control points for subsequent microbiological sampling, checklist and structured
observations followed by in-depth interviews were used. Initially, checklist observations were
conducted in 31 households that were selected from the list of recruited 323 households using
systematic random sampling to identify a list of behaviours that werne considered to put children at risk
of developing diarthoea, For the checklist observations, a household was visited over two consecutive
days: 6 am=12 pm on the first day and from 12-6 pm on the second. The aim was to capture all
events of interest that occurred in a day, including child mouthing {geophagia inclusive), practices
around food storage, preparation and feedingfeating. In addition, the child caregiver s handwashing
practices at critical times were observed: before food preparation, before child feeding/eating, after
toilet use and after cleaning a child following defecation. “Child feeding practices” in this paper
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refers to complementary food given to the child after 6 months, including child self-feeding, while
“child caregivers” include any household members, including parents, who are responsible for the
daily care of the targeted child. Responsibilities of the caregiver include feeding and preparing the
child’s food, bathing, and assisting the child during defecation. Subsequent structured observations
were conducted, specifically focusing on behaviours noted during checklist observations. In total, 80
households were targeted for structured observations (including those previously used for checklist
observations) and visited once between 6 am and 1 pm. Checklist observations had indicated that the
majority of food preparation and feeding events took place in the morning,.

In-depth interviews followed each structured observation period to understand how and why
some practices were conducted as observed. To ensure good quality data, debriefing sessions were
conducted daily where supervisors and enumerators cross-checked observation forms to ensure that
data were complete and consistent in reporting observed practices.

A team of 5 female observers (BSc holders in Social Sciences (n = 1) and Environmental Health
(n = 4)) were trained to conduct in-depth interviews, checklist and structured observations. The training
package included details of the research study, the theoretical science of observational research
(Hawthorne effect inclusive) and observation tools. The research team opted for female research
observers since child care at community level in Malawi is primarily performed by females,

2.4. Demographic, Socio-Economic and Hygiene Proxy Questionnaire

Following the observation stage, a structured questionnaire was conducted which contained closed
questions and captured demographics, hygiene behaviours, child health status, and socio-economic
proxy measures. At the end of the interview with the child’s primary caregiver, enumerators conducted
spot checks and recorded hygiene proxy measures such as the presence and condition of the latrine,
the presence, location and type of handwashing facilities (including the availability of soap and water),
the presence of a kitchen, and the presence of animals and their facces. Face-to-face interviews were
conducted in Chichewa, the local language of Chikwawa district. Behavioural factors for each of
the critical areas were assessed using the RANAS (Risk, Attitude, Norm, Ability and Self-regulation)
model [45,46]. The structured questionnaire was conducted by ten well-trained and experienced
research assistants who were fluent in Chichewa.

2.5. Microbiological Sampling and Analysis

In total, 224 microbiological samples were collected over a 24 h period in 20 households selected
from the list of 323 recruited households using systematic random sampling to assess the extent of
bacterial contamination in foods consumed by target children. Households were visited on three
occasions within 24 h for sampling, as outlined in Figure 1.

All sampling points in the study were informed by the observations which were conducted prior

to sampling. The child’s most frequently consumed foods were sampled for microbiological analysis.

Sampled foods included the moming porridge, and nsima, which is the main meal for lunch and dinner,
Both porridge and nsima are common complementary foods in Malawi prepared locally at home from
maize, millet or sorghum flour. For porridge, the liquid is cooked for 30 min before adding sugar,
salt, pounded ground nuts or milk depending on availability. The porridge was given to children
after 10-15 min of cooling. Samples of porridge were taken in the morning after cooking and after
serving (Figure 1). Porridge was served in a plate and eaten with a spoon, child’s hands (self-feeding)
or caregiver’s hands.
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* Nsima after cooking
» Swab: relish plate
* Swab: Nsima plate

Day 1: Visit 1 Day 1: Visit 2 Day 2: Visit 3
Between 12-2pm Between 5-6pm Between 6-9 am
* Relish after cooking ¢ Relish during storage * Relish during storage
* Relish after serving (from lunch) (from previous day)
* Swab of plate  Relish after reheating  Relish after reheating
e Relish after serving « Relish after serving

* Nsima during storage
(from previous day)
* Nsima after reheating

* Porridge after cooking
 Porridge after serving
* Swab: porridge plate
* Swab: feeding spoon

Figure 1. Summary of sampling plan for microbiological testing of foods consumed by targeted children.

Nsima is prepared just like porridge; however, more maize flour is added to produce a thicker
consistency, which is cooked for approximately 40 min, and no other ingredients are added. Nsima is
prepared for immediate consumption. However, we occasionally observed that it was kept longer, e.g.,
overnight, to be eaten the following morning. As such, nsima samples were taken during dinner after
cooking, and the following morning from leftovers of nsima eaten during dinner (Figure 1), Nsima is
served in a plate and eaten using hands with a relish (Scheme 1).

Scheme 1. Dishes of nsima and relish (beans) after serving in Chikwawa, rural Malawi.

Relish is the word used to describe the side dish that is served with nsima. The most common
relishes recorded in the study were beans, vegetables and fish. Depending on availability, tomatoes,
onions, salt and cooking oil were added to the relish and cooked together. The relish is cooked for
between 45 and 180 min, after which it is cooled for 10-15 min before consumption. Relish is primarily
cooked in the morning in large amounts ready for lunch so that it can be eaten during lunch, dinner
and, sometimes, on the following day. Relish samples were collected at three main times: at lunch
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after cooking and after serving in a container (mostly plate); at dinner from a storage container, after
reheating and after serving; and the following morning from a storage container, after reheating and
after serving,

Another set of environmental samples were taken from utensils. Utensil samples were taken using
swabs from plates before serving the relish, nsima and porridge at lunch, at dinner and at breakfast the
following morning. Spoons which were used by the child when eating porridge were also swabbed.

Food samples of approximately 200 g were taken using the household utensil that was used for
serving or feeding the child porridge. The samples were placed in a sterile bag with a tight-fitting seal
and stored in a cold box at a temperature of 4 °C. The samples were transported approximately 80 km
from Chikwawa District to a microbiology laboratory at the College of Medicine (Blantyre) within 5 h
of sampling. Each sample collected was accompanied with details of the time, location and type of
sample, whether it was fresh or stored food, whether the food was covered or not, and the temperature
of the food at the time of sampling. Digital thermometers were used to measure the food temperature
at four points: immediately after cooking, after serving in the utensil, after storage (4-6 h at room
temperature), and immediately after reheating. The number of diarrhoea episodes per household
for the preceding 2 weeks, together with the presence of flies or animals, and hygiene practices (e.g.,
handwashing at critical times and washing of utensils) were recorded.

All swab samples from the utensils were taken with sterile cotton swabs, stored in a
peptone-buffered solution, and then transported to the laboratory. A 10-fold dilution was made,
and 1 mL of the dilution was then transferred onto three different 3M™ Petrifilm™ plates: 3M™
Petrifilm™! E. coli/Coliform Count Plate, which was specific for E. coli, one specific for Salmonella sp.
and one speific for Staplylococcus aureus. The 3M™ Petrifilm™ Count Plates are a sample-ready,
culture-medium system that contains Violet Red Bile (VRB) nutrients, a cold-water-soluble gelling
agent, an indicator of glucuronidase activity (BCIG), and a tetrazolium indicator that facilitates colony
enumeration. The 3M™ Petrifilms™ were then incubated at 37 °C for 24 h. The 3M™ Petrifilm™ (3M
Sciences SA, Rivonia, Johannesburg, South Africa) was used to identify and count bacterial colonies
using an indicator dye and a built-in grid. Presumptive E. coli colonies (blue colonies with associated
gas bubbles) were cultured in tryptone water at 44 °C for 24 h and an Indole test was performed with
Kovac’s reagent. Staphylococcus aureus colonies were confirmed by observing yellow coloration on
mannitol salt agar after incubation for 24 h at 37 °C. Salmonella sp. was confirmed by growing colonies
on XLD agar, and the resulting positive colonies were subcultured onto nutrient agar. For serological
confirmation and serotyping of Salmonella, APIR 20E (BioMérieux™ SA, Johannesburg, South Africa)
biochemical and serology tests were done with Poly O and Poly H antisera. Thick food solids (100 g
cach) were homogenized with 90 mL of sterile buffered peptone water and homogenized in a stomacher
blender. A 10-fold dilution was made and processed as described above.

2.6. Data Analysis

Field notes from in-depth interviews conducted after observations were analysed to identify
themes for each target behaviour. These were in line with study themes such as complementary feeding
practices, and the willingness to change food hygiene related behaviours. Checklist and structured
observation data were reviewed and summarised to identify food contamination pathways during
food storage, preparation, child feeding, reheating, and handwashing with soap at critical times.

Quantitative household data collected through Open Data Kit software (ODK) were exported to
Microsoft Excel and quality checked before being exported to SPSS (version 25), where demographics,
socio-economic measures, child health status and hygiene proxy measures were summarised.

2.7. Identification of Critical Control Points

The study used a HACCP approach to identify the critical control points (CCP) based on observed
practices for foods consumed by under five children. This structured approach used the data from the
study area to consider microbiological hazards from raw food storage to consumption [47].
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2.8. Ethics

Ethical approval for this study was received from the College of Medicine Research Ethics
Committee (P.04/16/1935). The study was registered with the Pan African Clinical Trials Registry
(PACTR201703002084166). Written, informed consent and assent was obtained from all caregivers of
children participating in the study.

3. Results

3.1. Demographic Characteristics

Of the 323 respondents (primary caregiver of the target child), the majority (66%) were in the age
range of 18-28 years (Table 2). The age range of targeted children was 6-24 months (mean 14.27 with SD
5.72), of which 51% were male. A majority (90%) of families were living below the extreme poverty line
(less than USD 1.25 per day), which was reflected in the levels of education, occupations and standard
of housing, as summarized in Table 2. No participating households were connected to an electrical
power supply and none owned a refrigerator. Of the sampled population, 95% had a latrine, which
was unsurprising as the area was declared Open Defaecation Free by the Ministry of Health in 2016.
Nevertheless, the majority (65%) of latrines were unimproved, and only half of them had a drop-hole
cover. Despite this, only 4% of latrines had observable faeces around the drop hole. A specific place
for handwashing, mostly being tippy taps (37%) was found in 51% of households. However, only
19% of handwashing facilities had soap and water. We found that the majority (64%) of handwashing
facilities were located near the latrine; again, indicative of the recent Community-Led Total Sanitation
campaign in the area, However, more traditional handwashing facilities such as basins and jugs were
available in the household yard, and were observed to be more accessible for handwashing during
food preparation and before eating (Table 2).

Table 2. Summary of demographic and hygiene facilities of sample population.

Percentage (%) Percentage (%)
Respondent age (vears) (i » 323) Child age (months) (n = 323)
o 1828 66% o 36 5%
. 2939 2% ¢ 712 N
o 4053 6% e 1318 ki)
o 1924 5%
Occupation of respondent (v = 323) Respondent education (n = 323)
o Employed 2% o Never attended school 16%
e Farmer (subsistence) % o Primary level 1%
*  Housewife N o Secondary level 2%
e Tertiary 1%
Marital status {n » 323) Houschold bassc assets (n « 323)
o Married 8% o Roofing with Thatch 61%
o Single 5% o  Earth Floor %
* Divorced &% o Own livestock 65%
o Widow/widower 2% o Ownradio LU
¢ Own fridge 1%
o Own table and chair 2%
¥ hold Monthly i (n = 323) (1USD = Animal ownership (n = 209)
750 MWK)
o 0=10000 MWK 4% o Cows %
o 10,000-20,000 MWK 16% o Goats 51%
o 20,000-30,000 MWK % e Sheep %
*  30,000-50,000 MWK 5% o Chickens 2%
® Above 30000 MWK 1% o Pigs 10%
Presence of latrines (n =307) Latrine cleankiness (1 = 307)
*  Households with latrines 95 o Novisible dirt or facces an
o Houscholds without latrin L8 o Dirt but no visible facces 55
® Visible dirt and facces %
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Table 2. Cont.
Percentage (%) Percentage (%)
Presence of batrines (v =307) Latrine cleanliness (n = 307)
o Houscholds with Latrines 95 *  No visible dint or facces 4
o Houscholds without latri 5% *  Dirt but no visible facces 5%
® Visible dert and facces L
Presence of drop hole covers in latrines (v = X07) Type of latritwe (1 = 307)
o Latrines with drop hole covers S * Unimproved traditional a5%
* Latrines without drop hole covers S o Improved traditional 5%
Presence of handwashing facilities (r=323) Acoess to safe water (v = 323)
o Houscholds with handwashing faclities S1% * Borehole 9
¢ Houscholds without handwashing facilities 49 e Openwell LY
e Houschold tap %
o Communal tap 1%
Handwashing faclity type (1 = 165) Location of handwashing facility
(n = 165)
e Tippy tap 3™ e Near latrine 6%
o Cup/basin o * Near cooking area ™
o Bocket 24% e InHH yard E
e Jerry can 1%
Houschald with visible flies (m » 323) S1% Animal faeces in household yard L2
(n=323)

Animal ownership in the area was high (65%), with the majority of these being small domesticated
animals such as chickens and goats who resided both inside and outside the house. As such, animal
faeces was evident in 53% of the household yards. We found that 64% of the households kept their
domestic animals inside the house at night for security and the houses had no separate room for
keeping animals.

3.2. Food and Hygiene Proxies

We collected both self-reported and observed data on the children’s food and feeding practices
(Table 3). Children were likely to start solid foods under the recommended age of 6 months (40%),
although the majority were still breastfed, regardless of their age (87%). Children were given a range
of foods to eat, with the majority receiving maize-based porridge (94%), and over half eating the same
foods as the rest of the family at lunch and supper, which was comprised of nsima and relish (e.g.,
beans, vegetables). Children primarily ate at home but ate with others such as neighbours or relatives
(89%). In all locations, children ate either on the veranda or ground outside the house in direct contact
with dirt (42%) or placed on a reed mat (58%). Utensils for cooking and eating were reported to be
washed more often after use, rather than before use; some utensils had gathered visible dust because
of prolonged storage after washing. Only 6% of the utensils were found to be washed within 2 h
before use.

Table 3. Self-reported and observed hygiene proxies.

Item Percentage (%) Ttem Percentage (%)
Self-Reported Proxies

When did the child first consume What foods does the child eat (1 = 323)

solid foods (n = 323)

e (=3 months 0 e Fruits 71%

® 3-6 months 0% o \Vegetables %

* >6months 60% * Milk 56%
o Pommidge %
e Groundnuts 6%
* Rice 6%
e Beans ™%
e Eggs 65%
*  Breastmilk ™%
* Same food as rest of family 5%

!
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Table 3. Cont.
Item Percentage (%) Ttem Percentage (%)
Self-Reported Proxies
Duoes the child eat anywhere apart Where is the child fed (v = 323)
from at home (r = 323)
*  Relative's house 66% * Kitchen %
* Neighbour 5% o Veranda 45%
o Nowhere n% *  Outside house 45%
o Inside house L2
How Jong after food is prepaned do Do you do anything to prevent your
you foed the child (u » 323) child from placing dirty items in their
mouth (n = 323)
o <10min %% *  Monitor 2%
® 1030 min 16% *  Maintain clean envi 2%
®  30=60 min % o  Nothing ™
When are utensils washed (n = 323) M. ks for hing ds (m = 323)
® 1«2 hbefore eating 1% o Water 3%
o <] hbefore cating *  Water and soap 75%
o <1 hafter eating 5% o Water and ash .
* 1=2hafter cating 21% *  Water and flour 17%
o >2 hafter eating 28% o Sand %
Leftover food storage time (n = 130)
e <lh %
e la6h 6%
e o=24h %
e >2h 1%
Observed proxies (N = 80)
Clean utersils on an elevated place 3% Utensils washed with scap 2%
Household yards with animal facces 6% Housebolds with leflover food 5%
Type of leftover food (n = 130)
T T i o
snack while bands visibly dirty o Relish a%
Houscholds observed with children Housebolds with animals w
feeding themselves A% cooked food A%
Howsaholds wi q Households with animals ing
= with Glles 19% water for washing utensils/drinking .
Houscholds reheating lef food 5% Housebolds with drinking water w0
covered

3.3, Observational Results

Supplementary to the self-reported and observed information during the survey, the checklist
and structured observations provided more detailed insight to the hygiene practices around under-
two caregiving. As shown in Table 4, caregivers did not wash their hands with soap at all of the
opportunities observed before food preparation, after attending to animal faeces and before eating
which included child feeding. From the in-depth interviews, it was learned that caregivers did not wash
hands before food preparation because of lack of proper handwashing facilities nearby. One caregiver
commented: “It's very difficult to wash hands when preparing food because there is no handwashing
facility nearby that can allow me to do so without assistance. Mostly if [ am to wash hands then I use a
cup, but I always need someone to pour water over my hands to wash properly. Unfortunately, in
most cases | am only with the child.”

A lack of handwashing with soap during food preparation and eating/child feeding is related
to the fact that there is rarely a specific place for handwashing in the household yard, and that a
majority of the handwashing facilities are located close to the latrine (64%). Facilities for handwashing
in the household yard, where most activities related to hygiene take place, were buckets without a
tap, which made self-handwashing difficult. When asked why they did not use the tippy tap located
near the latrine as an alternative, respondents stated that the tippy tap was too far and also it would
be disgusting for them to use a handwashing facility near the latrine while preparing food or before
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eating. 61% of the houscholds had soap, but only 19% placed the soap at the handwashing station.
During IDIs with the caregivers, they reported that soap was expensive ($0.20 per bar); hence, it is
prioritized for washing clothes and bathing,.

Table 4. Missed opportunities for effective handwashing (HW) at critical times during checklist
observations (n = 31).

Observed Opportunities for Opportunities HW with Water HW with Soap  No Handwashing

HW at Critical Times (Number) Only (%) (%) %)

Food preparation 3 4 0 )
Removal or contact with

smal f. 2 50 0 0

Before eating at any time 54 45 0 52
After dealing with child

defaecation/urination ” z 5 4

Results noted during checklist observations were similarly observed during structured
observations, where the majority of caregivers did not wash hands with soap at critical times
(Table 5). Nevertheless, all adults practised what they called handwashing before eating main meals.
However, none of the adults washed their hands with soap, and 63% of them dipped their hands in
one communal bowl or pot of water for a few seconds as a means of washing. During an in-depth
interview, one caregiver commented that: “Eating nsima without handwashing is something we
consider abnormal in this village . .. and I do not feel comfortable eating nsima without washing hands
because it sticks in the hands ... and everyone washes hands in our family before eating nsima.”

Table 5. Observed handwashing (HW) practice during structured observations (n = 80).

Observed rtunities for HW with Water .
R i No HW (%) Oaty (%) HW with Soap (%)
Before child feeds itself 39% 61% 0%
Before child feeding 6% 61% 3%
Before food preparation 80% 16% 4%
Before eating (adult) 0% 1000 * %
After dealing with child 0 18% 129

defecation/urination (n = 17)
* 63% washed by dipping hands in a communal bowl or pot.

Children were also seen mouthing a variety of objects during the observation periods (Table 6).
These items included hands (their own, siblings’ and mothers’), inanimate objects such as cloth, maize
cobs, shoes, stones, sticks, phones, utensils, paper, animal faeces and toys, They were also seen eating
soil directly. Although over %0% of caregivers indicated that they monitor and prevent their children
from mouthing dirty objects, we observed that the caregivers could not monitor children all the time,
as they were sometimes busy with other household chores (e.g., cooking and collecting water).

Children were observed to eat the reported range of foods, with the main meals consisting of
porridge, relish and nsima, with snacks including local fruits (e.g., cucumbers, mangoes, etc.) and
commercial foods (e.g., maize puffs). Like adults, children washed their hands before taking their main
meals by dipping their hands in one communal bowl. However, we did not observe any hand-washing
before eating snacks. Forty-two percent of children were observed to self-feed, 30% were fed with a
spoon by the caregiver (who, in 48% of cases, shared the utensil) and 25% were fed using the caregiver’s
hand. When children self-fed with a spoon, it was observed to fall on the ground, and continued to be
used without any washing,
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Table 6. Observed mouthing activities of children over 12 h period (n = 31).

Number of Observed Occurrences

Mouthing
One Two Three Four Five or More Average Time of Episode
Childs own hands 52 23 19 16 0 3.8 min
Relatives hands 35 6 3 0 0 4.7 min
Inanimate object 13 16 16 13 29 5.6 min
Direct dirt/soil 2 - - - - 5.1 min

During food preparation, opportunities for cross contamination were noted, including the lack
of handwashing, and multi-tasking during cooking. For example, caregivers were seen to change a
child’s nappy or remove mucous from the child’s nose while cooking, then resume food preparation
without washing their hands. Once the food was prepared, 48% of households covered cooked foods
prior to consumption. However, 19% of households were seen to leave a child’s porridge uncovered to
allow it to cool before consumption, leaving it open to flies and animals in the vicinity.

Up to 55% of households were observed to keep leftover food stored for the next meal which
could be between 1 and 18 h later. Leftovers were primarily the children’s porridge (11%), which was
consumed shortly after preparation as it was left either to cool, or until the child was awake or not
fussing; relish (43%), which was made of a combination of either green leaves, tomatoes, onions, or
beans; and nsima (18%), which was eaten at the next meal. Bean-based relish was the most commonly
stored food due to its long cooking time (about 3 h). Thus, caregivers preferred to cook relish once while
nsima, which is quicker to cook (40 min), was prepared twice a day. Forty-five percent of households
were observed to reheat leftover food, predominantly relish, as it was reported that reheated food
tastes better than cold food. One caregiver commented during an IDI that: “We are always busy, so
it is difficult and tiresome to cook the same type of relish more than once in a day ... we just cook
once to be enough for lunch and dinner and sometimes for breakfast for children on the following day
especially if we would go to the agriculture field ... also, firewood is very scarce here; hence, cooking
at once saves firewood.”

Twenty-one percent of children defaecated during observations. Defaecation always took place in
the household yard; all of the faeces was removed from the immediate vicinity, and 76% was disposed
of in the toilet. The remainder was thrown into the bushes around the household. Animal faeces
was observed in 66% of the household yards. From in-depth interviews, we noted that the caregivers
did not pay much attention to animal facces, as they considered it less harmful than human faeces.
One caregiver reported: “We do not bother removing animal faeces as it is not very dangerous
compared to human faeces ... in fact, it is a good source of manure; hence, we just throw it in the
garden when sweeping the household yard in the morning.”

3.4. Microbiological Results

As shown in Table 7, 224 microbiological samples were collected from 20 households, sampled
at 3 different points; breakfast (n = 116), lunch (n = 38) and dinner (n = 70). We found that 30% of
children within the sampled households had suffered from diarrhoea in the 2 weeks preceding, which
was consistent with responses from the household survey (27%). The lack of a drop hole cover on
latrines (50%), and the presence of animal faeces around the eating area (49%), in combination with
the flies observed during food preparation and consumption (51%), raised concerns regarding their
potential role in faecal-oral pathogen transmission in the area.
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Table 7. Summary of samples taken at each stage of microbiological testing and presence of flies and animals at the time of sampling.

12 of 21

Stage at Which Sample was Taken

Tedal
Meal Food Freshly prepared Stored Hebeated Served Samples
Ma. of ARETagE Flies  Ankmals Mo of AvErage Fliez  Animals Mo, of Average Fliea  Animals  No. of Average Flies  Animals
Samples Temp *Ch Samples Temp (*Ch Samples Temp (°C1 Samples Temp *C)
Porridge 18 &1 a9 14 . . . . . . ] 20 a2 n 18 38
Breakdast  Relish - - - - m n 12 3 19 = n L ¥ - - - .
Nsima - 1% 4 1 4 o 53 13 L] - L
Lurnch Relish 2l 1 13 - - - . 17 - & 12 38
Ralish - - - (1.3 3 3 12 1& L] ] 13 17 41 2 ] 51
SRR cima 19 4 g - - - - - - - - - - - - 19
Total 24
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Generally, porridge was produced for immediate consumption, with leftovers being kept on only
3 occasions in the sampled households, which aligns with reported practice in the survey. All leftovers
were stored in the pot in which the porridge had been cooked and left on the ground with a plate to
cover it. Relish was produced predominantly for lunch (100%) and was then used again for the evening
meal or breakfast (73%), meaning that these foods had the longest storage time at ambient temperature.
Of all relish stored, 96% was stored in a pot or plate, of which 89% was covered. Seventy-six percent of
stored food was reheated to an average temperature of 53 °C. Nsima was cooked fresh twice a day:
at lunch and again for supper. Leftover nsima was stored overnight in pots and plates, with 92%
being covered with a plate and 84% being placed on the ground. Eighty-seven percent of households
reheated nsima for consumption at breakfast to an average temperature of 52 °C. No foods were visibly
spoiled at the time of sampling.

Both total coliforms and faecal coliforms showed a significant increase in food stored for over 2h
(Figure 2). This was particularly evident in the storage of relish, which was produced at lunch on Day
1 and consumed in the moming of Day 2 as part of breakfast, with an average storage time of 18 h,
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Figure 2. Percentage of food samples containing total and faecal coliforms,

Relish is reheated twice in a typical day: once for dinner, and once again for breakfast the next
moming. However, an increase in the concentration of total and faecal coliforms was observed as the
relish storage duration was prolonged (Figure 3a). Though the temperature does not strongly predict
the presence or concentration of total coliforms, faecal coliforms appear in nsima that has been stored

through the night, and the concentration is reduced by an increased serving temperature (Figure 3b).

It is important to note that although reheating took place in practice, food was only reheated to the
recommended 70 °C on 7 occasions (6%). We did not measure the period of time over which the
temperatures were achieved, and as such, the reheating process should be examined in more detail to
determine if an effective time and temperature combination can be reached taking into consideration
barriers to this practice including time and cost. Of particular concern was the identification of
Staphylococcus aureus in stored food samples. These results are indicative of poor hygiene practice
related to household handwashing, and of concern in stored foods due to their production of heat
stable toxins which are not destroyed by normal cooking (reheating) temperatures.
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Figure 3. (a) Total and faecal coliform colony forming unit (CFU) changes in freshly prepared, stored
and reheated relish; (b) Total and faecal coliform (CFU) changes in freshly prepared, stored and
reheated nsima.

Freshly prepared nsima contained both total and faecal coliforms, and when the temperature
dropped down to ambient temperature during storage, there was an increase in total coliforms and
faecal coliforms (Figure 3b). When the nsima was subsequently reheated up to over 50 °C, all faecal
coliforms were killed, but some coliforms remained, essentially unchanged from the initial product.
Nsima is solid when cold, and reheating it to a consistent temperature throughout can be difficult and
time consuming. Faecal contamination in this case is likely to be caused by poor handling of utensils
and poor hand hygiene. As storage containers were reported to be covered, contamination was likely
to be on the surface of the food, and therefore more easily destroyed during reheating.

In all cases, the cleanliness of the utensils and containers was an important variable. Although the
majority of caregivers (75%) reported that they used soap when washing utensils, less than a third
(29%) were observed using the soap. Alternatively, caregivers were observed to use sand/soil (53%),
which could be contaminated with animal faeces. In addition, utensils were left on the ground and in
areas where animals could access them. In some houscholds (46%), animals were observed licking
dirty utensils placed in a bucket or drinking water meant for cleaning. Microbiology results (Table )
showed coliform contamination but an absence of faecal organisms.
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Table 8. Summary of total coliform and faecal coliform values for each of the food (porridge, relish, nsima)) and surface samples taken.
Detcripting Todal Coliforms (CFL)* Faecal Califorms {CFLU) =
No. of positive No. af Positive
c Blim Mllax Slean Median Counts Min Max Mean Median

Mothers' hands 4 L] ITA00000 1,902,600 L] 2 o 36,000,000 18,12000 o
breakiast porridge after cooking 5 1] BO000 10,000 1] 1 0 A,000 2000 o
breakfast porridge after serving 2 1] 30,000 2000 1] 1] o 1] 1] o
spoon swab before feeding 2 [ 200,00y 12,778 L] 0 o o [ o
Breakiast plate swab before 3 [1] 1. 520,000 115,625 L] a o [ [1] [}
bralkast ﬁ""”"" :"";'“ stormge 10 0 TETAM0  AGI000 5000 1 0 2900000 145,000 0
breakfast relish after neheating 1 1] 10,000 L1 L 1 o 0000 500 o
nesima after storage (beftover) 12 L] 0,830,000 T32,600 T000 4 o 000 000 o
breakfast nsima after heating 2 L] 50,000 3500 [ i o L] [] o
lunch relish after cooking 1 L] 10,000 500 L] 0 o L] L] o
1 " lunch relish after serving i [1] [1] [ L] L1} n L] [1] 1}
Plate swab befiore hunch 2 ] 50,000 3000 [ i o L] [] o
nsima after serving 3 L1} JECITL L 13,000 L1] 4 o 140,000 10,000 [1]
plate swab before supper nsima 2 [] 20,0000 114,737 L] a o ] [] 1]
plate swab before supper relish 3 [] 45220000 2,168,500 [ 1 o L] [] o
Supper supper relish alber shorage 2 [} 54,0000 260,000 (1] ] ] 1] [} 1]
supper relish after reheating 4 [1] S:48,0000 78,000 (1] a o (1] [1] [1]
supper relish after serving 2 (1] 200000 111,500 L1} a n o (1] [}

* Total coliforms included unidentified coliforms, E. coli, Staphylococous aurews, Staphylococous. Sp., Klebsiella , E. ooli 0157, * Enderobacter acrogenes, Enterobacter cloacas,

Enterobacter sakazaki, Pecudomonas fourescence, and Seratia liquefsciens. ** Faecal coliforms included only E. coli, E. coli 0157, Enterobacter aerogenes, Enterobacter cloacae, and

Enterobacter sakazalki,
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3.5. Hazard Analysis

Based on the results of the qualitative and quantitative data analysis, the preparation of porridge
(complementary food) and other family meals (nsima and relish) were visualized as process flow
diagrams and subject to a risk assessment based on the Hazard Analysis Critical Control Point (HACCF)
approach, The resultant flow diagrams (Figure 4a.b) summarize the methods of preparation while
highlighting the key risks to contamination and the associated critical control points. Both figures
describe the risk factors and critical control points for porridge as well as relish and nsima,

aAE S

Figure 4. {a) Flow diagram of porridge preparation and consumption; (b) Flow diagram of nsima and
relish preparation, storage and consumption.

Referring to Figure 4a, the CCPs for the main complementary food (porridge) were cooking,
implying that the cooking temperature should be adequate (i.e., 75 “C+); cooling should be achieved
quickly and food should not be accessed by animals or flies. Children should be fed with clean utensils
after the caregiver has washed her/his hands with soap. CCPs for nsima and relish (Figure 4b) were
similar to porridge (i.e., cooking, cooling, and feeding the child). Furthermore, since the nsima and
relish are stored to be eaten during the next meal, the additional CCPs included safe storage of food
(eontrolled storage time and temperature; food must be covered) and reheating (up to boiling) befone
consumption. All datasets are available as Supplementary Materials-link.

4. Diiscussion

Our results show that 27% of the children had suffered from diarthoea two weeks prior to the study,
which was 5% higher than the national childhood diarrhoea prevalence reported by the Malawian
Demographics and Health survey [2]. Such an increased rate of diarthoea, compounded by low levels
of subsistence living requires further attention and prevention strategies in this rural setting of Malawi.

4.1. Household Meals and Contamination

Observations of complementary and family meals showed a relatively homogenous diet across the
studied population. Foods were simple in nature and preparation, and in the case of children’s porridge,
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had low levels of contamination due to the short storage/cooling times and immediate consumption.
As such, the critical control points relate to the potential post-cooking contamination sources such as
hands, utensils and fliesfanimals. Family meals of nsima and relish were more complex and leftovers
were frequently stored for consumption later the same day or the next moming, As such, preventing
food contamination before and during storage, along with controlling the temperature of leftover food,
are critical to ensure that pathogens cannot multiply and/or are killed prior to consumption. In the
absence of a cold chain in this setting, it is therefore imperative that leftover foods be a focus of food
safety interventions that support high hygiene standards commensurate with the environment, such
as storing food in clean and sealable containers for limited time periods,

Although the measured levels of porridge contamination were lower than those reported in Nepal,
comparably low levels of contamination in complementary foods were reported in a similar rural
area of Zimbabwe, where mothers were also the primary caregivers. The similarities may indicate
normative regional practices in child feeding [14,40]. Despite the fact that the complementary food
is safe for consumption, the method and environment in which children were being fed were risky.
For instance, the practice of placing children directly on the ground during feeding increased the
risk of contamination. In similar settings in Zimbabwe and Tanzania, soil analysis found E. coli to be
ubiquitous around the household yard which could be inadvertently consumed by children during
feeding, mouthing and direct consumption as we observed in this study [14,22]. Furthermore, the
study in Zimbabwe estimated that a one-year old child could consume up to 4,700,000 E. coli counts per
day, a result which could be compared to this study’s setting due to the ubiquitous nature of animal
and child defecation in the household yard [14].

4.2. Storage and Reheating of Food

Storing food overnight was a common practice, as caregivers were primarily subsistence farmers,
and needed to save both time and fuel by preparing labour-intensive foods in the morning. Though
food was adequately heated during cooking, the long storage time provided a conducive environment
for microbial growth and multiplication. Reheating left-over food reduced coliforms and faecal
coliforms. However, not all foods were reheated before consumption (45% reheated) (Table 3), and
the temperatures reached during reheating were not always sufficient to achieve complete die-off of
thermo-tolerant organisms (only 6% of samples reached the recommended 70 °C). Inadequate food
reheating could be attributed to the fact that the caregivers reheated the food with the motive of
improving taste rather than to kill pathogens. A study conducted in Mali in which foods were reheated
to temperature in excess of %0 °C showed full die-off of thermo-tolerant bacteria [38]. This may be a
reflection of the type of food being heated by households in Malawi, as the Mali study had a thinner
porridge and fish soup for reheating, and is also indicative of the need to understand the context in
which the food is being prepared and reheated. Ninety-four percent of participants live below the
extreme poverty line, and as such, they struggle to access firewood for reheating, and even if they can,
have little time to reheat food thoroughly before consumption when there are competing tasks such as
collecting water, attending to children and agriculture fieldwork. As the majority of family foods are
cooked to a high temperature for long periods, contamination is minimal after preparation. Therefore,
focus should be on minimizing post-cooking contamination and safe storage.

4.3. Handwashing Practice

Handwashing after faecal contact, before food preparation, and before child feeding/eating snacks
was rare, but comparable to previous studies [32], universal handwashing only occurred when the
whole family was eating lunch or supper. This practice is therefore instilled as a social norm, with no
need for prompts to make it happen. Nevertheless, the quality of handwashing before eating and at
other critical times was ineffective in most cases, with little to no use of soap and use of communal
water for dipping hands thereby leading to further contamination. Leftover food from communal
eating is therefore subject to not only faecal-oral contamination, but also Staphylococcal pathogens
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such as Staphylococcus aureus, which, given the opportunity to multiply at the storage temperatures
recorded, will produce heat-stable toxins that will survive the reheating process and cause vomiting
and diarrhoea.

As with the storage and reheating of food, we must be cognizant of the context in which
respondents are washing their hands and the behavioural and structural barriers which may be
influencing these practices. As such, handwashing promotion needs to address the appropriate
location of handwashing facilities, issues of soap use, which, due to poverty, is prioritized for other
domestic activities such as bathing and washing clothes. Elsewhere, we reported that caregivers do
not see the benefit in using soap for handwashing as they see no direct link between use of soap and
a reduction of diarrhoeal disease in children [46]. As such, promoting handwashing with soap at
critical times needs not only the provision of infrastructure, but also the development of effective
behaviour-centred health promotion strategies.

4.4. Management of Household Utensils

Although this study did not show utensils to be contaminated with faecal pathogens, we observed
that utensils (both clean and dirty) were left on the ground or in the open for long periods of time over
which they could become contaminated with dust, faeces or from roaming animals. Previous research
has reported the contamination of plastic plates and cups in Tanzania, and found high levels of faecal
organisms in kitchen settings similar to those observed in this study [22]. As such, the role of utensils
and the environment in which they are stored and used should be considered as a potential route of
transmission for faecal-oral infections, we would recommend that items be washed just prior to use to
minimise the risk of cross contamination. In addition, utensils should be rinsed with soap and water if
sand was initially used to remove heavy stains.

4.5. Limitations and Further Research

This study has several limitations. Collection of study samples was conducted in October 2017
during the hot, dry season in Chikwawa, which has an average temperature of 29 °C [45]. As such,
contamination levels of food and hands may be higher than would be expected in the cooler season since
high temperatures favour microbial growth and survival. Further studies assessing the microbiological
quality of complementary foods in both summer and winter seasons are necessary. Observations at
cach household were conducted by a single research assistant which increased the burden of recording
events to one person and may have led to a lack of detail in some reports where concurrent activities
occurred. However, as complementary food hygiene is continuously being promoted, research findings
such as ours may provide guidance to public health programme designers to develop effective food
hygiene promotion strategies. Although undertaken within a larger research study, of which this
study is a component, water quality in households was not tested within this formative population,
The study would have benefited from microbiological sampling of household members’ hands after
washing prior to the main meal to determine the efficacy of their practice. Hence, microbiological
examination of the household water for drinking, cleaning utensils and handwashing would be an
important component of future research,

5. Conclusions

This study examines the risk factors for faecal-oral routes of infection for children under the age
of two years in rural Malawi. The results indicate that complementary foods produced solely for the
child are relatively free from contamination, though there is a high risk associated with shared family
meals, particularly those prepared from leftovers. Risks were identified from poor hand hygiene at
critical times, e.g., after faecal contact, before food preparation, and before child feeding. Although
handwashing before family meals was universal, the method was poor. Our findings also concur with
previous studies showing that children are at risk from faecal-oral infection from their continuous
contact and consumption of contaminated soil both directly and indirectly.
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Interventions to reduce the risk factors should focus on the critical control points in food
preparation, storage and reheating, and the contributing factors to post-cooking contamination such as
hand hygiene, clean utensils and reducing contact with flies and animals, Interventions should respond
to the contextual needs in which the practices occur and should be based on a behaviour-centred
approach to create social norms around appropriate motives.

Supp! tary Materials: The following are available online at  httpsy/strathcloud sharefile.cu/d-
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Toward Complementary Food Hygiene Practices among Child Caregivers in Rural Malawi
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Abstract. Despite being preventable, foodbome diseases remain a global health challenge. Poor food hygiene
practices such as improper handling of kitchen utensils are among the major causes of diarrhea transmission. A formative
study was conducted in Malawi to inform an intervention design to promote complementary food hygiene practices. An
assessment of contextual and psychosocial factors for behavior change was conducted using Risk, Attitude, Norms,
Ability, and Self-regulation model. We conducted 323 household surveys with caregivers of children aged 6 to 24 months.
Analysis of variance was used to estimate difference between doers and non-doers of three targeted behaviors: washing
utensils with soap, keeping utensils on a raised place, and handwashing with soap. Analysis of variance analyses revealed
that literacy level, ownership of animals, and presence of handwashing facility and dish racks were contextual factors
predicting storage of utensils on an elevated place and handwashing frequencies. Psychosocial factors, such as time
spent to wash utensils with soap, distance to the handwashing facility, and cost for soap, had an influence on washing
utensils and handwashing practices. Perceived vulnerability determined effective handwashing and storage of utensils.
Perceived social norms and ability estimates were favorable for the three targeted behaviors. Promotion of already
existing targeted beneficial behaviors should be encouraged among caregivers. Risk perceptions on storage of utensils
and handwashing practices should be increased with motivational exercises such as paint games. Caregivers’ technical

know-how of local dish rack and tippy tap construction is essential.

INTRODUCTION

Worldwide, the lives of approximately 525,000 children are
lost each year from 1.7 billion cases of childhood diarrhea with
the highest mortality rates reported among children aged less
than 2 years in south Asia and sub-Saharan Africa.” Fur-
thermore, it has been reported that 550 million people fall ill,
whereas 230,000 die every year globally because of diarrheal
diseases associated with food contamination.® Epidemio-
logical data indicate that food could be more important than
water in transmitting diarrheal disease,*® and it is estimated
that 40% of the burden of foodborne disease lies with children
aged less than 5 years in low- and middle-income countries.
This corresponds with reports that at least 70% of diarrhea-
related pathogens among children could be caused by con-
taminated food.”®

If children aged between 0 and 6 months are exclusively
breastfed, they are expected to be free from pathogens.”
Nevertheless, such protection is temporary because children
are subsequently exposed to pathogens when introduced to
complementary food between the ages of 4 and 6 months.®1°
This exposure together with increased environmental in-
teraction have been linked to the high incidence of diarrhea
among children aged between 6 and 24 months. - To
reduce diarrhea among children, the WHO has indicated im-
portant parameters that need to be implemented at the
household level, including access to safe water, improved
sanitation facilities, exclusive breast feeding, hygienic wean-
ing practices, and improved personal and household
hygiene.™

Food can become microbiologically contaminated if pre-
pared under unhygienic conditions, and studies have shown
that utensils, such as spoons, cups, pots, baby bottles, and

* Address correspondence to Kondwani Chidziwisano, Department of
Environmental Health and WASHTED, Polytechnic, University of
Malawi, Blantyre, Malawi. E-mail: kchidziwisano@poly.ac.mw
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plates, are potential sources of pathogens (such as Escher-
ichia coli, Salmonella, and Vibrio cholerae) in food.'®'® Con-
tamination of utensils was attributed to the method of
cleaning, resulting from repeated use of wash water and dirty
cloths. Because of the risk of post-cooking contamination, the
cleaning of utensils before eating, particularly for high-risk
groups, is integral to food safety, as demonstrated by studies
in Thailand and Mali."”"® As such, effective cooking of food
cannot be considered as a sole critical control point, but must
be combined with washing of utensils with soap and hand-
washing with soap at critical times.'®

A study conducted in Bangladesh showed that caregivers
have adequate knowledge of the importance of storing food
and utensils on an elevated surface.'® However, very few
translate the hygiene knowledge into practice.zn Imparting
knowledge alone about food contamination pathways to
caregivers has been found to be redundant and does not lead
to associated changes in behavior. However, improving
caregivers' perceptions while building awareness about food
hygiene practices has been recommended as one of the most
effective approaches to achieve positive and sustained
|:hang|(-:.21 Contamination can also be compounded by people
living in close proximity with animals. This increases the risk of
food contamination if there is poor storage of utensils and
leftover food, and the situation is worsened with poor hand-
washing practices following contact with animal and animal
feces.???3 Previous studies conducted in Malawi showed that
food is contaminated by utensils and hands during post-
cooking activities. 2425

Recent studies have indicated the importance of hand-
washing in diarrheal disease reduction, with systematic re-
views showing that handwashing with soap alone can reduce
diarrhea incidence by 30-47%.2547 In Brazil and Bangladesh,
studies have shown that poor hand hygiene practices during
food preparation were a source of food contamination.?®?°
Because handwashing has proven to effectively contribute to
enteric pathogen reduction, it is important to understand the
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paychosocial fectors that drive handwashing practices and
the contexd inwhich they ocour.

(Changing an individusl's beh avior i a process thatrequines
change in conteotusl and paychoaocisl factors that predict
humtﬂwunawmmttrg zuch =3 attitudes, norma,
and self-squlstion attributes * Based on our literature re-
vienw, no detailed aasssament of conEstusl and paychoaocial
factors for food hygiene practices hes besn conducted to
identify critical factors to be addresaed by a behavior changs
inervention for the targsted ares of this formathe study.
Paychoaocial faciors haw besn ddined a3 the influsnce of
social factors on an individual's mind or behevior, and the
intemelation of behavioml and social factors ™ Comesctual
factors refer to theenviron ment in which the behanvior occurs,
and they include the personal (eg., age and literacy), aocisl
{2.3., economic condition), andph;m::alpﬂma{ag
presence of sanietion facilitiee swch as
facility) =

The Risk Attiuds, Morma, Ability, and Self-sgulation
(RANAS) model™ which was developed hased on paycho-
logical theories™* and has besn applied in this formatve
atudy was designed to understand contextusl and paycho-
aocisl parameters of individusls asaocisted with their water,
gants five “fector bocks” that should be applied to understand
paychosocial factors of 2 study population to determine a
apecific behavor

FRizk factors. The risk fectors reapond to the level of un-
derstanding and awareness of the person's vulnershility and
aeverity of disessea They alao include heslth mowledge
shout disesse tranamisaion, prevention options, and personal
CONEE LSnoed.

Attitude factors. Attituds factora includs belisfa sbout the
cogts and benefits of a parcula behsvicr and feslings aa-
sociated with the behavior.

MNormative factors. The nomm factora addreas the percep-
tiom of what behavior iz performed in the sodaty and the level
of peracnal obligation to a specific behavior. it includes how
family and community membera, including leadars, approve
or disapprove a particular behavior.

Ability tactors. Ability factors assesa an indiidusl's ca-
pacity toperforma certain behavior, whichincludes its uptake,
maintenance, and recovery from drawbacks.

Self-regulation. The selfregulation facbors check on an
individusal's plan an how to sustain a specific behawvicr, and
they include the slemeant on how to deal with bamiars to the
implementation of the behavor.

To owr knowledge, the RAMNAS model has not besn -
viously applisd in a food hygiens assessment. Howewer, it
haa been sucoesafully used to evaluste water treatment,
sanitation, and handwashing behavicr. ™" The RAMAS
model is applied in two stages: 1) determine the behavior
fantnmfmﬂmhdiﬁd.ﬂsmduaudywd ) aelect behavior

te-nrnqg {BCTs) that should be applied to the
Comsaquently, this can provide acientific
gudanna on 'M'uld'u atrategies to follow dwring an in-
tervention. Because human behavior occurs inan emvinon-
meental sstting where a number of fctors come into play,
understanding of paychosocial fectors slone may not be
aenough to bring about behavior change. As such, this muat
be complemented with details of the contestual factors in
whiich the behavior occurs.

The objective of this formative study was to deacribe the
situation and behavior, and to determing fhe contedusl and
peychosocid faciors ssaociated with 1)washing of housshold
utersils with a.oap, #) storing of housshold utensils on an al-
evated area, and 3) waghing hands with soap at critical times.
Thiz atudy was a componant of a lerger body of work to un-
derstand behavioral factors related to complementary food
ygiene in fhe development of an intervention trial.

MATERIALS AND METHODS

Study area. The formative study was conducted in firee
rural administratie Traditiona Authonities of Massache,
MNgowe/Ngabu and Maseya in Chilavawa district in southesn
Malzwi. During the 2018 population censua, the Chilkbwawa
district population was 564,684, and Chichewa is the main
lznguage of the area. Chikwawa iz in a low-hing ares and,
thersfore, prone to flooding in the rainy season. Similar to
ather districts of Malswi, Chilwawsa has two sessons peryear,
that ia, reiny/farming assaon that lasts from Movember to
April and dryw'off farming season from May to October. The
district has an annusl sverage temperaturs of 2570 and an
average rantll of 747 mm.©

Thres Traditiona Authorities were chosen taking into ac-
count their geographic location (rural remote ares), socio-
economic vanability low-income communitiea), and acoeas
to protected water sowrces and high sanitation ocoversgs
{decianad open defecation free), butwith a continued high risk
of cholers and diarhea. Houzsholds in the targetad villages
are very cloas to each other, and this provid es an opportunity
for communities i have common values and share WASH,
including food hygiens isaues without aocial resistance.

Study population and sampling. Thiz formative study
targeted caregivers and fthar children aged 6 to 24 manths.
In fhis aticle, the word caregiver includes any houssehold
of the tangeted child. This includes feeding and praparing the
chilld's food, bathing, and assisting the child during defeca-
tion. Whth the use of information from the community health
workers' e, locally known as heslth surveillance sasistants)
regiater, a list was drawn up of households with children aged
between & to 24 months, having a pit latrine, and with acoeas
to aafe water within a distance of 500 m. A sample size of 285
was calculated based on Chilwawa district dismhea preva-
lence of 26.3% with an acceptable emor margin of 5%,
Taking into account of nonreaponae rate and misaing data,
the sample size was increased to 323,

Data collection. The ressarch team collected data fom
[Fetbruary to Juby 2017 As behaviors ane datermined by a wide
range of factors, it was necessary o use different data ool-
lection mefhods to revesl the compladty of the socioeco-
careq hver'a decision on the “what, " “how,™ “whan " and “wiy™
afinfant and child feeding practicea. Therefore, fomativedats
were collected from four complementany pheases which in-
cluded checHist and structured obaenations, in-depth inter-
views, household sureya (e, demographic and RANAS
queationa), and focus group discusaions. This arficle preaents
anly findinga from household swrvay. All householda (323)
undertook the combined demographic and RANAS model-
based housshold questionnaire. Initislly, before conducting
housshold swurveys, observations were conductsd which
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identified three critical behaviors: 1) washing utensils with
soap, 2) keeping utensils on an elevated area, and 3) hand-
washing with soap at critical times, where critical times in this
article mean handwashing with soap before food preparation;
before eating, including child feeding; after changing child’s
nappy; and after latrine use by the caregiver.

The identified three critical behaviors noted during obser-
vations were further assessed for the contextual and psy-
chosocial factors using the RANAS model-based household
questionnaire (n = 323) which was translated into the local
language of Chikwawa district (Chichewa). Responses to the
RANAS questions were recorded on a 5-point Likert scale
(ranging from “not at all” to “very much” scale). The household
survey questionnaire was mainly composed of closed ques-
tions that captured information about demographics, child
feeding, health status and awareness, psychosocial factors
related to washing utensils with soap, keeping utensils on el-
evated area, and handwashing with soap at critical times
(example item in Table 1). Furthermore, the questionnaire
contained rapid spot checks related to sanitation and hygiene
structures which could be objectively observed.

Household survey data collection was conducted by 10
well-trained and experienced research assistants who were
fluent in the local language (Chichewa). Pretesting of the
questionnaire was conducted before data collection where
the research team identified and eliminated irrelevant ques-
tions, whereas key questions were further edited for easy
understanding.

Data analysis. Demographic household and RANAS data
were collected using Open Data Kit software (Department of

Computer Science and Engineering, University of Wash-
ington, Seattle, WA) on android tablets and exported to
Microsoft Excel (Microsoft corporation, Redmond, WA) and
quality checked before being exported to Statistical Package
for Social Sciences (SPSS) where frequency distribution of
demographic characteristics using descriptive statistics was
plotted. IBM SPSS version 25, the PROCESS macro for SPSS,
was used to undertake all statistical tests (IBM, Armonk, NY).
The household RANAS model-based data were analyzed
using ANOVA mean comparison analysis to determine the
differences between doer and non-doer contextual and psy-
chosocial factors for the targeted behaviors. To measure the
three targeted behaviors, data collectors asked caregivers
how often they washed utensils with soap, how often they kept
utensils on a raised place, and how often they washed hands
with soap at critical times. Frequencies were measured on a 5-
point scale. All factors falling at or below the mid 3-point value
on a scale of 1-5 were considered non-doers of the targeted
behaviors, whereas those factors at or above 4 were doers of
the behavior, and the mean score for each targeted behavior
was calculated. Washing utensils with soap, keeping utensils
on an elevated area, and handwashing with soap were de-
pendent variables, whereas behavioral factors of the RANAS
model were independent variables. Three questions were
asked to caregivers to assess knowledge about diarrheal
disease causation, signs, and preventive measures. The ratio
of correct answers from the caregivers to all possible answers
formed the health knowledge constructs. A single item was
used to measure perceived severity, whereas perceived vul-
nerability of diarrhea and other psychosocial factors were

TapLe 1

Risk, Attitude, Norms, Ability, and Self-regulation model-based guestionnaire (e.g.. factors and items for washing utensils with soap)

Behavior determinants

Selected items

Risk factors
Vulnerability
Severity
Health knowledge

Attitudinal factors
Belief—effort
Belief—time-consuming
Belief—expensive
Feelings

Normative factors
Others’ behavior household
Others' behavior village
Others' approval

Personal obligation

Ability factors
Confidence in performance
Difficult water

Barriers hurry

Self-regulation factors
Coping plan

Remembering (pay attention)

Remembering (forgetting last 24 hours)

Commitment (important)

Washing utensils with soap behavior

In general, how high do you think is the risk that you get diarrhea?

Imagine that you contracted diarrhea. How severe would be the impact on your life in general?

Can you tell me what causes diarrhea? Could you please tell me if each of the following is a cause or
not? For example, no handwashing with soap after defecation. Could you please tell me for each
whether it is a preventive measure for diarrhea or not? For example, drink treated water

How pleasant is it for you to wash kitchen utensils with soap and water?

How time-consuming is it to wash kitchen utensils with soap and water?

How expensive is it for you to always wash kitchen utensils with soap and water?
How much do you like always washing kitchen utensils with soap and water?

How many people of your household always wash kitchen utensils with soap and water?

How many people of your village always wash kitchen utensils with soap and water?

People who are important to you like your family members, friends, Non Governmental Organization
(NGO) workers, or pastor, how much do they approve that you always wash kitchen utensils with
soap and water?

How strong do you feel a personal obligation to yourself to always wash kitchen utensils with soap and
water?

How confident are you that you can always wash kitchen utensils with soap and water?

How difficult is it to always get water for washing kitchen utensils?

Imagine that you are in a hurry, for example, because you want to go for relief distribution: How
confident are you that you can always wash kitchen utensils with soap and water?

Do you have a plan what to do so that you always have soap for washing kitchen utensils? Plan, please
specify.

How much do you pay attention to washing utensils with soap and water?

When you think about the last 24 hours: How often did it happen that you forgot to wash kitchen
utensils with soap and water?

How important is it for you to wash kitchen utensils with socap and water?

How often do you wash kitchen utensils with soap?

Response scales: 5-point Likert scale (from “not at all” to “very much™, from “at no time” to “almost each time"; from “never” to “very often”; and from “nobody” to “almaost all of them”).

13

[

-



COMPLEMENTARY FOOD HYGIENE PRACTICES AMONG CHILD CAREGIVERS

measured with multiple items. The WHO and United Nations
Children’s Fund definition of diarrhea was used when
assessing diarrhea incidence among targeted children. For
each targeted behavior, the significant factors among those
noted with ANOVA calculation were further analyzed (i.e.,
any factor at P < 0.05 using ANOVA) with effect size, d,
where Cohen’s d values mean small for those = or < 0.20,
medium = or < 0.50, and large = or > 0.80.

Ethics. The formative study protocol was approved by the
University of Malawi’s College of Medicine Research Ethics
Committee (P.04/16/1935). Permission was obtained from the
local authorities, that is, Chikwawa district council, Chikwawa
district health office, and the traditional chiefs. The participants
were informed of the research objectives and were advised that
they had the freedom to refuse participation or withdraw from
the study at any time. Participants’ written informed consent
was obtained before inclusion in the study. Participants were
provided with a unique identifying number, and data were
anonymized during data analysis. Data were accessed only by
the authors. The study was registered with the Pan African
Clinical Trials Registry (PACTR201703002084166).

RESULTS

Sociodemographic characteristics. All respondents of
the household questionnaire were females whose age
ranged from 18 to 53 years (mean 26.72 with SD 6.78). The
majority of them (71%) attended primary education, whereas
16% had never been to school. Income was primarily from
subsistence farming (67 %), and majority of the households
(74%) earmed at most $14 per month. As such, households
reported some levels of uncertainty about food supply. The
age range of targeted children was 6-24 months (mean 14.27
with SD 5.72) of which 49% were females. Forty percent of
children were introduced to complementary food (i.e., por-
ridge from maize flour) when they were between 3 and
6 months old, and 27% of the targeted children were re-
ported to have had diarrhea in the 2 weeks before the survey.
No participating households were connected to an electrical
power supply, and therefore, none owned a refrigerator.
Domesticated animals, such as pigs, dogs, goat and poultry,
were observed roaming freely in household yards. Human
and animal feces were observed in 2% and 52.9% of the
househeld yards, respectively.

Caregivers accessed safe water through boreholes (93%)
and piped water supply (3%). Latrines were owned by 95% of
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the households, whereas 5% either depended on their
neighbors’ latrine or practiced open defecation. Despite high
coverage, most toilets were unimproved traditional latrines
(64%) subject to collapse during the rainy season and offering
minimal privacy. Soap was available in 61% of the house-
holds, and it was prioritized in the following order: washing
clothes, bathing, washing kitchen utensils, and handwashing.
Contextual factors: doer versus non-doer analysis.
Contextual factors were compared between doers and non-
doers of the three targeted behaviors. Statistical analysis
identified significant variables related to handwashing with
soap and keeping of utensils on an elevated place, whereas no
significant variables were observed for washing utensils with
soap (Table 2). Factors that were found to be significant for
handwashing included level of literacy, where those who were
literate washed hands with soap at critical times more fre-
quently than those who were not literate (doers = 50%; non-
doers = 38%). Similarly, caregivers who had handwashing
facilities reported to wash hands with soap more than those
who had no handwashing facilities (doers = §9%; non-
doers = 46%). On keeping utensils, caregivers who had do-
mestic animals kept their utensils more frequently on an
elevated place than those who had no animals (doers = 78%;
non-doers = 60%), and those who had locally made dish racks
kept their utensils more on an elevated place than those who
had no dish racks (doers = 75%; non-doers = 14%).
Psychosocial factors: washing of household utensils.
From the household spot checks, the study noted that 29% of
the caregivers washed their utensils with soap. Risk, Attitude,
Norms, Abilities, and Self-regulation model-based questions
were asked to understand psychosocial factors that contrib-
uted to caregivers not using soap when washing utensils. As
shown in Table 3, we did not find significant differences be-
tween doers and non-doers on vulnerability, severity, health
knowledge, attitude (effort), personal obligation, and com-
mitment (importance). As such, these factors should not be
the focus for a behavior intervention. Significant differences
with medium to high cohen’s d values were found on others’
behavior (relatives; d = 0.64), others’ approval (d = 0.74), and
confidence in performance (continuation—barrier water; d =
0.7), where non-doers reported highly that they could not
wash utensils with soap because of inadequate water at the
household (Table 3). This means that these factors should be
key targets for behavior change among non-doers of washing
utensils with soap. Medium effect was found in the attitude
factor “pleasant” (d = 0.45) and self-regulation (remembering;

TapLe 2
Comparison of contextual factors of the study participants on washing of utensils with soap, keeping utensils on a raised place, and handwashing
with soap
Washing utensils with soap Keeping utensils on raised a place Handwashing with soap

Variable Scale Doer Non-doer Doer Non-doer Doer MNon=-doar
Literacy Yes/Ne 47% 40% 47% 42% 50%* 38%"
Marital status Yes/No 86% 87% 84% 87% 85% 87%
Age in years mean (SD) - 25.73(6.0) 27.60(7.3) 27.18(6.9) 26.55 (6.8) 25.46 (6.2) 27.57 (7.0)
Owned land for farming Yes/No 82% 84% 78% 85% 83% 84%
Owned livestock Yes/No 69% 62% 78%* B60%* 68% 63%
Presence of bicycle Yes/No 64% 681% 69% 60% 66% 60%
Presence of radio Yes/No 40% 40% 44% 38% 39% 40%
Presence of handwashing facility Yes/No - - - - 59%* 46%"*
Presence of dish rack Yes/No - - 75%t 14%7T - -

*P=0.05.
TP=<0.001;N=323
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TaBLe 3
Washing of utensils with soap: doer and non-doer Risk, Attitude, Norms, Ability, and Self-regulation psychosocial factors’ mean compared with
analysis of variance
Factors group Behavicral factors Doers, M (SD) MNon-doers, M (SD) Cohen's o

Risk factors Vulnerability 4.06 (1.39) 3.80 (1.48) n.s.
Severity 4.36 (0.97) 4.24(1.08) n.s.
Health knowledge 9.29 (3.09) 8.83(3.22) n.s.

Attitude factors Pleasantt 4.8 (0.65) 4.38 (1.15) 0.45
Timef 1.14 (0.41) 1.3(0.82) 0.25
Effort 1.13 (0.64) 1.22 (0.66) n.s.

Norms Others’ behavior relativest 3.26(1.3) 2.51(1.02) 0.64
Others’ behavior villaget 2.88(1.01) 2.54(0.9) 0.36
Others’ approvalt 4.79 (0.51) 4.2 (1.01) 0.74
Personal obligation 2.42 (1.86) 2.37 (1.73) n.s.

Ability factors Ability (confidence in performance 4.33(0.97) 3.57(1.2) 0.7

[continuation}—barrier: water)t

Self-regulation factors Commitment (importance) 4.88 (0.57) 4.79 (0.67) n.s.
Remembering (forgetting)t 2.61(1.16) 3.12(1.15) 0.44

Additional factors Intentionf 3.82(1.4) 3.34 (1.52) 0.33
Communicationt 3.14(1.42) 2.73(1.32) 0.3

n.s. = not significant.

N=323; washing of utensils with soap: doers N = 154 and non-deers N = 169. All guestions (excluding knowledge guestions, which were sum score)included a 5-point Likert scale and response

choices from “1=—not at all" to “5=—very much."
t+P<0.001.
tP<0.01.

d = 0.44), meaning that doers found it more pleasant to wash
utensils with soap than non-doers. Similarly, the doers were
less likely to forget to wash their utensils with soap than the
non-doers. Slightly significant differences between doers and
non-doers were noted on others’ behavior (village; d = 0.36),
intention (d = 0.33), and communication (d = 0.3). This implies
that non-doers do not desire much to wash their utensils with
soap than the doers. In addition, the non-doers do not discuss
much with their friends or relatives about the practice of
washing utensils with soap compared with the doers.
Psychosocial factors: storage of clean utensils. The
study found that 31% of the caregivers kept their utensils on
an elevated place that could not easily be reached by animals.
On psychosocial factors related to storage of utensils on an
elevated place, significant differences between doers and
non-doers could not be found on severity, health knowledge,
attitude (time and effort), and personal obligation (Table 4).

Hence, these factors should not be prioritized for intervention.
However, statistical differences on cohen’s d values were
noted on others’ behavior (relatives; d = 0.71 and village; d =
0.82), others’ approval (d = 0.6), and confidence in perfor-
mance which included “difficult” (d = 0.44), “hurry” (d = 57),
and “restart” (d = 0.65) (Table 4). This implies that non-doers
perceived that people in their village, including their relatives,
do not keep their utensils on an elevated place. In addition, the
non-doers were unlikely to restart or continue keeping utensils
on araised place if they stopped for other reasons and found it
more difficult to keep or dry their utensils on a raised place if
they do not have a dish rack. The non-doers also perceived
that they communicate less with others (d = 0.47) about using
an elevated surface to keep or dry their utensils and felt less
vulnerable (d = 0.58) to the risk of diarrheal disease than doers,
which is related to the non-doers perception that keeping
utensils on a raised place is not a pleasant practice (d = 0.35).

Tapie 4
Keeping of utensils on an elevated position: doer and non-doer Risk, Attitude, Norms, abilities, and Self-regulation psychosocial factors' mean

compared with analysis of variance

Factors Behavioral factors Doers, M (30} Non-doers, M (SD) Cohen's d
Risk factors Vulnerabilityt 4.19(1.27) 3.35(1.61) 0.58
Severity 4.37 (0.94) 4.27 (1.04) n.s.

Health knowledge 8.78 (2.85) 9.15(3.27) n.s.
Attitude factors Pleasantt 4.69 (0.88) 4.33(1.23) 0.35
Time 1.28(0.82) 1.21(0.7) ns.

Effort 1.08 (0.49) 1.21(0.7) n.s.

Norm factors Others’ behavior relativest 2.99(1.27) 2.16 (1.06) 0.71
Others’ behavior villaget 2.92 (0.99) 2.19(0.79) 0.82

Others’ approvalt 4.49(0.8) 3.83(1.22) 0.6

Personal obligation 2.58(1.92) 2.4(1.73) n.s.
Ability factors Confidence in performance (difficult)t 4.25(1.34) 3.61 (1.56) 0.44
Confidence in performance (hurry)t 4.16(1.42) 3.26 (1.74) 0.57
Confidence in performance (restart)t 4.63 (0.9) 3.81(1.54) 0.65

Self-regulation Commitment (importance) 2.60(1.94) 2.20(1.73) n.s.
Remembering (forgetting) 1.06 (0.47) 1.19(0.5) n.s.
Additional factors Communicationt 3.19(1.4) 2.53(1.41) 0.47

n.s. = not significant

N = 323; Keeping of utensils on a raised place: doers N = B8 and non-doers N = 235. All questions (excluding knowledge guestions, which were sum score) included a 5-point Likert scale and

response choices from “1—not at all” to “5—wvery much."
t+P<0.001.
FP=0.01.
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