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Abstract

Introduction: Globally, drinking water quality is continuously deteriorating and becoming
non-suitable for human use and well-being. That is why, above 20% of the world, population
does not have access to pure drinking water. Globally, 26% of people drink water that is, at
least occasionally, contaminated with fecal bacteria. Of all human illnesses in the developing
world, 80% are caused by biological contamination. Further, more than 33.3% of the world
population does not have access to improved sanitation. Globally, the health burden of poor
water quality, sanitation and hygiene is massive. Despite advancements in food science and
technology, food and waterborne disease remains one of the major public health problems in
the world. In many parts of low-income countries such as in Ethiopia, public health problems
associated with deterioration of food and water safety situations are much more aggravated
due to poverty and environmental related risks. Data from the previous studies indicated that
several food establishments in Addis Ababa lack safe drinking water and suffer from poor
sanitation and hygiene practices. Credible evidence from scientific literature substantiate that
inadequate sanitation and poor hygiene conditions of food establishments are the major cause
for the occurrence of food and water borne diseases. In such case, there is huge demand for
good sanitation practice and proper handling of drinking water in the food establishments. In
my view, this is the frame in which I derive the objectives for my PhD work, basically to
investigate microbial drinking water quality, sanitation and hygiene situation of food
establishments as well as health status of food handlers in Addis Ababa.

Methods: Institution based longitudinal and cross-sectional studies were conducted. Sample

sizes were calculated using a single and two population proportion formulas. Stratified,
simple random sampling techniques were employed. For this study, 250 drinking water
samples, 420 food establishments and 420 food handlers were included to assess drinking
water quality, sanitation and hygiene status of food establishments, awareness, outlook and
practice of food handlers respectively. Moreover, 1058 food handlers were included to
determine diarrheal disease and associated behavioral factors among food handlers. Data was
analyzed by SPSS version 20. A repeated—measure ANOVA, Binary Logistic Regression,
Multivariable Logistic Regression and Linear Regression Model and analysis of variance
were used for data analysis.

Xii



Results: The longitudinal data analysis indicated that, 26.4% and 10.7% of the food
establishments drinking water had occurrence of Escherichia coli type of bacteria in the wet
and dry season respectively. The finding of the study revealed that, 3.2% and 1.6% of the
food establishments drinking water had very high health risk to customers during the wet and
dry season respectively. In the study, the mean score of fecal coli forms count pre100/ml
were found to be 7.59 and 3.12 in the wet and dry season respectively. There was statistically
significant difference between the mean values of the E. coli per 100ml between the dry and
wet season with P-value <0.00. Besides, the sanitation and hygiene status of food
establishments study revealed that, 57.4% of the food establishments were under poor
sanitation status. In the multivariable analysis, presence of trained managers on hygiene and
sanitation (AOR=6.10 with 95%Cl:2.41-15.45), presence of renewed licenses (AOR=3.07
with 95% Cl:1.18-7.99), absence of bureaucratic function to obtain permission to renew the
food establishment buildings (AOR=2.43 with 95%CI:1.25-4.70) and presence of at least
ten-meter distance between toilet and kitchen (AOR = 9.19, at 95% CI: 5.63 -15.02) were
associated significantly with sanitation and hygiene status of food establishments. Moreover,
the awareness, outlook and practice part of this study showed that, 55.5%, 66.1% and 60.6%
of the food handlers had good awareness, outlook and proper hygiene practices respectively.
Predictor variables like educational status and length of work experience were correlated
positively and significantly with awareness. However, being married was correlated
negatively with awareness. In addition, the diarrheal disease study result indicated that, the
two-week prevalence of diarrhea was found to be 3.4%. Further, 1.6%, 10.5%, 10.7% and
9% of the food handlers had acute watery diarrhea, cough, an infection of runny nose and
incidence of any fever respectively. Five behavioural factors including: regular hand washing
after toilet (AOR=0.13 with 95% CI: 0.024, 0.72), using toilet while wearing protective
clothes/gown (AOR=5.39 with 95% CI; 1.59, 18.32), washing glass or the material used for
drinking water every event (AOR=0.009 with 95% CI: 0.001, 0.093), habit of eating raw beef
and raw vegetables (AOR=6.27 with 95% CI: 1.89-20.78), type of toilet (AOR=4.07 with
95% CI: 0.29-6.67 were associated significantly with diarrhea.

Conclusion: Drinking water at the point of use in all food establishments were found to be
vulnerable to microbiological contamination and had a serious health risk to those who
consumes the water. The microbial load of the drinking water at the point of use differs
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between the dry and rainy seasons. The occurrences of fecal coliforms and/ or E. coli were
higher during the rainy season. It was concluded that, there was a significant time effect for
the occurrence of fecal coli form and/or E. coli. Moreover, the finding of the longitudinal
study revealed that, significant numbers of the food establishments’ drinking water had high
and very high health risk to customers both in the wet and dry season. Regarding the
sanitation and hygiene study findings, above average of the food establishments were found
to be in poor sanitation and hygiene state. In this study, many core determinant factors that
influence sanitation and hygienic status of food establishments were identified. Moreover,
assessing awareness, outlook and practice of food handlers regarding food and water safety is
a vital activity to reduce public health problems. In the study, significant number of food
handlers had poor awareness, outlook and practice towards food and water safety. There is a
call for enhancing the awareness, outlook and practice of food and water safety to achieve an
excellent practice. In addition, the study assessed the prevalence of diarrheal disease and
identifies behavioral factors associated with diarrhea. This assessment proved to be an
essential activity for reduction of community-acquired diarrheal diseases, as a significant
number of food handlers had diarrhea. Therefore, good sanitation and proper handling of
drinking water should be practiced in all food establishments. This includes effective
drinking water treatment such as disinfection, boiling and filtration should be implemented at
the food establishment level. Moreover, the government should be done continuous microbial
drinking water monitoring and evaluation to improve drinking water quality. Formal training
on sanitation and hygiene for managers of food establishments should be provided to reduce
the occurrence of food borne diseases. Besides, strong food and water safety policy, strategy
and firm regulatory actions should be promulgated to improve sanitation and hygiene status
of food establishments. The government should focus on comprehensive diarrheal disease
control strategy, including improvement of water quality, hygiene, and sanitation. Current
public health programs of Addis Ababa city administration should develop effective

approaches to promote hand washing practice and awareness creation.

Keywords: Determinats, Public Health, Food Establishment, Health Status, Food Handlers,
Addis Ababa, Ethiopia
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Chapter 1
INTRODUCTION

1.1. Background

Water is the most important liquid for maintaining life on earth (Meride and Ayenew,
2016). But only 0.3% of it is available as a surface and groundwater for human use (Mohsin
et al., 2013). Despite numerous efforts by governments at various levels and other agencies
interested in water and its safety, waterborne diseases are still major public health and
environmental concern (Forstinus et al., 2016). Microbial contamination and contaminant
products in water are sources of disease outbreaks and development of cumulative toxic
effect (Sweileh et al., 2016). At the global scale, food and water-associated infectious
diseases are significantly correlated with socio-environmental factors, impacting all regions
(Yang et al., 2012). Food and water-borne diseases have been estimated to cause more than
two million deaths and four billion cases of diarrhea annually (El-Kowrany et al., 2016).
Even though an adequate supply of safe and wholesome food and water is essential to the
health and wellbeing of humans; there are plenty of conditions where food and water affect
the health of people across the globe (World Health Organization, 2017). Poor environmental
sanitation, poor personal hygiene practices, inappropriate storage of food and water and poor
waste management practices may be the main causes to foster food and water contamination
at food establishments (Meleko et al., 2015b). In addition to souces of the food and its
quality, the chances of food and water contamination largely depend on the sanitation
condition of food establishments and health status of food handlers & their hygiene behaviors
and practices (Mudey et al., 2010, Ifeadike et al., 2014).

According to World Health Organization (WHO) data, globally 2.5 billion people are
living without access to improved sanitation facilities, and 502,000 deaths are attributed to
unsafe and insufficient drinking water. Moreover, 280,000 and 297,000 deaths result from
inadequate sanitation and due to inadequate hand washing respectively (World Health
Organization, 2014b). Particularly, inadequate water supplies and inadequate sanitation are
responsible for a large proportion of disease transmission in developing countries (Mara,
2006, Taylor et al., 2015). Moreover, according to the 2014 WHO report, nearly 58% of all

the diseases in human beings are caused by contaminated water (World Health Organization,



2014b). Water pollution is a very important problem of the 21 century which results mainly
due to re-emergin microbial contaminants (Asif et al., 2018). As a result of this and other
factors, to date, a large proportion of people still suffer from diarrheal diseases and the
burden of diarrhea is a substantial social and economic cost (Ma et al., 2014). Outbreaks
caused by the contamination of community water systems have the potential to cause
extensive disease, particularly where the public infrastructure is poor and waterborne
diseases are expected to rise with increases in extreme rainfall and deterioration in water

quality following wider drought events (Cann et al., 2013).

In 2015, about 780 million people did not have access to a purified water source, and an
estimated 2.5 billion people lacked access to improved sanitation worldwide. Moreover, it
was estimated that 3.2% of deaths globally were attributable to unsafe water caused by poor
sanitation and hygiene (Ramirez-Castillo et al., 2015). Especially, the levels of sanitation and
water services coverage as well as health attainment are low among developing countries
(Jiménez et al., 2014). Fecally contaminated drinking water, along with poor sanitation,
hygiene, and inadequate water access, are generally believed to be major contributors to
diarrheal disease (Eid, 2015). For this reason, WHO guidelines provide strict limits on the
fecal contamination in drinking water supplies where Escherichia coli, thermo tolerant
coliforms (TTC) are a WHO-approved indicator of fecal contamination (Hodge et al., 2016).
The contamination of drinking water by pathogens causing diarrheal disease is the most

important aspect of drinking water quality (Levy, 2015).

Globally, about 88% of diarrhea-associated deaths are attributable to unsafe water,
inadequate sanitation, and insufficient hygiene (World Health Organization, 2015a). In fact,
about 1.8 billion people globally drink unsafe water (Bain et al., 2014a). A study conducted
in India revealed that, diarrheal risk was higher in the rainy season (Kulinkina et al., 2016).
Generally, causative agent of diarrhea spread through contaminated food and drinks
(Pirsaheb et al., 2017). In addition, it can be transmitted from person to person as a result of
poor personal hygiene and poor environmental sanitation (Sumampouw et al., 2015). Due to
the presence of many unknown determinants of public health in food outlets, food service
establishments can contribute to outbreaks of food and water borne illnesses (Meleko et al.,
2015b). Furthermore, there is a linkage between food establishments and approximately 60%



of food borne disease outbreaks (Akabanda et al., 2017). There are many conditions where
food and water borne disease affect the health of people across the globe, especially in
developing countries (World Health Organization, 2017, Meleko et al., 2015b). According to
the WHO Guidelines for Drinking-water Quality, ensuring safety of drinking water is basic
and essential requirement to enhance the public health (World Health Organization Second
Edition, 2011). Competent health authority, adequate and proper management systems
(adequate infrastructure, proper monitoring and effective planning and management) and a
system of independent surveillance are among the basic requirements to ensure drinking
water quality and food safety (World Health Organization Second Edition, 2011, World
Health Organization, 2008a). Moreover, clean, fresh wholesome edible food and drinking
water are vital to public health and the wellbeing of people (Marriott et al., 2018). To achieve
this, proper assessment of food and waterborne pathogens and water quality monitoring are
key factors for decision-making regarding water distribution systems’ infrastructure, the
choice of best water treatment, food safety and prevention of food and waterborne diseases
outbreaks (Rychetnik et al., 2002, Saxena et al., 2015). In addition, even though there is a
vital need to study the root cause in terms of hygiene, sanitation of vendors/or food
establishments and source of water contamination to prevent waterborne diseases, still there
is a gap throughout the world especially in the third world (World Health Organization, 2004,
World Health Organization Second Edition, 2011). The WHO report revealed that, globally
26% of people drink water that is, at least occasionally, contaminated with faecal bacteria
(World Health Organization, 2014b). So, assessing and monitoring the microbial quality of
treated and may be untreated drinking water at food establishments is important although not
common (Yard et al., 2014). Evaluating drinking water quality, sanitation and hygiene
practice in food establishments and health status of food handlers are fundamental to improve
community health. Therefore, this study aimed to determine the determinants of public health
in food establishments and health status of food handlers, in Addis Ababa Ethiopia.



1.2. Statement of the Problem

Worldwide the health burden of poor water quality, sanitation and hygiene is massive
(Chauhan et al., 2017). More than 20% of the world population does not have access to pure
drinking water and the death rate associated with impure drinking water consumption is more
than 1.7 million per year (Zameer et al., 2015, Saxena et al., 2015). In addtion, more than
33.3% of the world population does not have access to improved sanitation (Decker and
Palmore, 2013). Besides, in developing countries up to an estimated 70% of cases of
diarrheal diseases are associated with the consumption of contaminated food and water
(Chaib and Lawe-Davies, 2017, World Health Organization, 2015b). As a result, diarrheal
diseases caused an estimated 1.3 million deaths (Hodge et al., 2016). USA based data
indicated that of 9040 food and water borne disease outbreaks, approximately 4675 (52%) of
these were attributed to food establishments (Boro et al., 2015a). Moreover, in Africa, it is
estimated that 92 million people fall ill from consuming contaminated food and water,
resulting in 137, 000 deaths each year (Waithaka, 2014). Therefore, food and water borne
diseases are major public health problems, with recurrent outbreaks taking high death toll
(Gostin and Wiley, 2016). Further, the chances of food and water contamination mostly
depend on the health status of food handlers and their hygiene behaviors, awareness,outlook
and practices (Mudey et al., 2010, Ifeadike et al., 2014).

The trichotomy of awareness, outlook and practice, of food handlers are the three
important factors that play vital roles in the incidence and outbreak of food and water borne
diseases (Sharif and Al-Malki, 2010). People involved in food handling and having poor
personal hygiene and lacking awareness of vital issues in preventing food and water borne
diseases, could be potential sources of infections (Kubde et al., 2017). Though food handlers
are expected to maintain a high degree of personal hygiene and careful handling of food ;
they have inadequate perception about how food and water could be contaminated, and
usually have low standards of personal hygiene for the tasks they are expected to perform
(Sani and Siow, 2014). Moreover, poor food handling practices among food handlers is
common (Panchal et al., 2013). Due to poor hygienic practice and the nature of their work,
food handlers can transmit a variety of food and water borne diseases to their customers
(Kubde et al., 2017, Abdul-Mutalib et al., 2012). Food borne illnesses outbreaks can be



caused by poor hygienic practices of food handlers in conjunction with poor sanitary
conditions of food outlets (Kibret and Abera, 2012).

According to the 2016 Addis Ababa health bureau (AAHB) report, there is a high
prevalence of water and food borne diseases in Addis Ababa (AA) though their sources is not
well known and studied in depth. According to the 2017 Addis Ababa Food, Medicine and
Health Care administration and Control Authority (AAFMHACA) report, food
establishments located in Addis Ababa are suspected to be major sources of diarrheal
diseases which might arise from the poor quality of drinking water, poor wastewater and
solid waste management, lack of wash facilities and poor water storage conditions. The
sanitary and hygienic condition of small food establishments is extremely poor. Moreover,
due to these and other unknown factors, the city had many health problems like high burden
of typhoid fever, amoeba, acute watery diarrhea (AWD) and other diarrheal diseases (Abebe
and Demoze, 2017). Besides, according to the 2017 report of Federal Food, Medicine and
Health Care Administration and Control Authority (FFMHACA) of Ethiopia, many unknown
and unidentified determinants of public health causes to the spread of infectious
communicable diseases (Temesgen and Abdisa, 2015).

Despite advancements in food science and technology, food and waterborne disease
remains one of the major public health problems in the world. In many parts of low-income
countries such as in Ethiopia, public health problems associated with deterioration of food
and water safety situations are much more aggravated due to poverty and environmental
related risks. Data from the previous studies indicated that several food establishments in
Addis Ababa lack safe drinking water and suffer from poor sanitation and hygiene practices
(Kibret and Abera, 2012). Credible evidence from scientific literature substantiate that
inadequate sanitation and poor hygiene conditions of food establishments are the major cause
for the occurrence of food and water borne diseases (Mudey et al., 2010, Ifeadike et al.,
2014).. In such case, there is huge demand for good sanitation practice and proper handling
of drinking water in the food establishments. In my view, this is the frame in which | derive
the objectives for my PhD work, basically to investigate microbial drinking water quality,
sanitation and hygiene situation of food establishments as well as health status of food
handlers in Addis Ababa.



1.3. Rationale of the Study

A large number of food establishments exist in Addis Ababa though the actual figure
fluctuates from time to time. In 2012, Addis Ababa city Administration issued food medicine
and health care administration regulation in order to prevent possible health problems that
can arise from food establishments (Addis Ababa FMHACA proclamation NO 30, 2012).
The issuance of this regulation is believed to promote the regulatory activities managed by
the Ethiopian Food, Medicine Health Care Administration and Control Authority
(EFMHACA) and AAFMHACA. Guidelines and code of practices were developed and
implemented to establish uniform and standardized regulatory provisions. Although these
and other efforts have been made to improve the sanitary status of the food establishments,
the overall hygiene and sanitation status of the food establishments is not known and
expected to be poor. Evidence based data for appropriate strategy formulation; planning and
evaluation of food establishments are scarce in the city. Moreover, assessing and monitoring
the microbial quality of treated drinking water at food establishments’ drinking water
reservoir and at point of use is important. Although drinking water quality and sanitation are
critical to health, survival, and economic development, still there are a lot of food
establishments in Addis Ababa city who lack good sanitation and quality drinking water
(Meleko et al., 2015c). The government provides safe water to the food establishments
despite huge discrepancies from sub-city to sub-city. The provided water is also inadequate
compared to the needs of the food establishments. Due to this and other unknown factors,
most of the food establishments have been subjected to poor environmental and hygiene
practice. As a result, recurrent food and water borne outbreaks have occurred and many users
of the food establishments are exposed to many health problems. Although food
establishments in Addis Ababa believe to have extremely poor environmental sanitation and
hygiene practices, no study has been conducting to curb health problems of these
establishments’ customers. Because of this, many customers of the food establishments have
been exposed to different health problems especially diarrheal diseases including acute
watery diarrhea (AWD) (the case of 2000 E.C, 2004 and 2008 E.C). Therefore, this study
plans to fill the research gap on quality of drinking water at food establishments, sanitary
condition and associated diarrheal diseases among food handlers of the city. Moreover, this



study has an important contribution to solving community health problems resulting from

poor awareness, outlook and hygiene practice of food handlers.

Thereby this study has a significant input in the formulation of appropriate strategy for
program planning and evaluation as well as serve as first hand information for policy makers
to improve the sanitary status of food establishments and reduce the incidence of food and
water borne diseases. Contaminated water and poor hygiene practices play an important role
in the transmission of many infectious diseases, which pose a great burden on community
public health. Hence, protecting public health with clean, fresh wholesome drinking water
and good sanitation is vital. This study planned to assess quality of drinking water at the
point of use in Addis Ababa’s food establishments by conducting laboratory analysis on
certain biological parameters like fecal coliforms and/or Escherichia coli. The finding of this
study might assist to make sound decisions that target tackling the health problems of the
food establishment customers and residents of the city. In addition, assessing sanitation status
of food establishments contributed to fill the gaps of sanitation by suggesting better drinking

water quality management options and environmental sanitation methods.

Because, according to the WHO report, there is no food security without food safety (World
Health Organization, 2015). In general, this study has an important contribution to solving
community health problems relating to poor sanitation and hygiene practice of food
establishments thereby to improve the public health in general. Finally, the new results of this
study can be used by policy makers and other concerned bodies as a reference, on which to

base decisions.
1.4. Research Questions

The main focus of the study was to determine the determinants of public health in food
establishments and health status of food handlers, in Addis Ababa Ethiopia. Thus, the
following key research questions were generated in order to primarily find scientific answers
as these would help and provide clue in development of appropriate design, criteria and
quality issues to enhance the future public health, specially to reduce health problems that
arise due to poor drinking water quality and poor hygiene and sanitation practices. Therefore,
the research questions of this study indicated as bellow:



1) What is the Microbial load of drinking water at the point of use in food establishments of
Addis Ababa, Ethiopia?

2) What is a difference between the dry and wet season of the year in Microbial load of
drinking water at the point of use in food establishments of Addis Ababa, Ethiopia?

3) What are the determinants of sanitation and hygiene condition of food establishments in
Addis Ababa?

4) How is the awareness, outlook and practice among food handlers towards food and water
quality management in Addis Ababa, Ethiopia?

5) How is the health status of food handlers in the food establishments of Addis Ababa with
respect to food and waterborne diseases?

1.5. Research Objectives

1.5.1. General objective

The overall objective of the study is to determine determinants of public health in food

establishments and health status of food handlers, in Addis Ababa Ethiopia.

1.5.2. Specific objectives of the study

1) To determine the Microbial load of drinking water and seasonal variation of water quality
at the point of use in food establishments of Addis Ababa, Ethiopia

2) To assess determinants of sanitation and hygiene conditions of food establishments in
Addis Ababa, Ethiopia

3) To assess trichotomy of awareness, outlook and practice of food handlers towards food
and water safety in food establishments in Addis Ababa, Ethiopia

4) To determine diarrheal disease and associated behavioural factors among food handlers
in Addis Ababa, Ethiopia

1.6. Significance and benefits of the study

Good health is considered as the essence of development and the gateway to poverty
alleviation. Therefore, provision of safe water supply, adequate sanitation and hygiene of
food establishments could be the powerful tool to protect health and could be used by
individuals, institutions and communities to improve their quality of life. Protecting health



improves productivity and leads to development. As such safe water supply, adequate
sanitation and hygiene are considered among the basic human rights. Hence, studying
sanitation and hygiene practice is very important action to curb public health problems as
limited sanitation infrastructure, poor hygienic practices, and unsafe drinking water
negatively affect the health of millions of people in the developing countries. The study
identifies many major determinants of health especially concerning drinking water quality,
sanitation and hygiene practice of food handlers and food establishments. Moreover, the
study provided clues about the sanitation and hygiene status of the food outlets and the health
impact of poor water quality, sanitation and hygiene practices. Besides studying sanitation
condition has primarily benefit public health by reducing the prevalence of enteric
pathogenic illnesses, which cause diarrheal diseases.

The study also used as baseline and input to policy makers, researchers and other
concerned bodies as reference to enhance the public health policy, strategy and guidelines. In
addition, the study indicated many gabs of food hygiene and safety practice of the food
establishments. Hence, it has benefits to the government to adjust its plan, implementation
and regulatory activities, which conducted on food safety practices to maintain high
standards of food safety and hygiene by regular inspections of food handling establishments
and ensure prevention of contamination. The beneficiaries of this study are mainly the food
establishments’ customers, the community, the owners’ food establishments, and the
Government. Because, as the drinking water quality, sanitation and hygiene status of food
establishments are improved based on the findings and recommendations of the study, the
health of the customers, the community and the income of the owners of food establishments
could be boost. Moreover, the governments also easily provide attention to fill the gaps that

indicates in the study.

1.7. Structure of the thesis

This thesis composed of six main parts supported with tables, figures and references. Part
1- introduces the research by presenting background information, problem statement, rational
of the study, research questions, and objectives, hypothesis of the study, benefits and

beneficiaries and structure of the thesis. Part 2 focuses on the review of the existing scientific



knowledge and identification of gaps related to the research. In addition, both theoretical and
empirical literatures have been further discussed in this section. Part 3 presents the brief of
the methods employed in the thesis. In this part, all appropriate methods to each objective are
described. Part 4 presents the discussions of the findings for objective 1, 2, 3 and 4,
respectively. All of these parts start by each specific topic related to the part. Part five of the
study is the discussions of the results and findings for each specific objective. Moreover, part
6 states the main conclusion of the key findings of the research and recommendations, which
point out further research and revealed enhancement in knowledge and scientific contribution

of the study.
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Chapter 2
LITERATURE REVIEW

2.1. Accessibility of Quality Drinking Water

Globally, drinking water quality is continuously deteriorating and becoming non suitable
for human use due to high population growth, expansion in industries, discharge of
wastewater and chemical effluents into canals and other water sources (Mohsin et al., 2013,
Memon et al., 2011). Due to those and other factors worldwide, the health burden of poor
water quality is massive (Chauhan et al., 2017). That is why, access to safe drinking water is
one of the major challenges of the 21% century; because, 20% of the world population does
not have access to pure drinking water and the death rate associated with impure drinking
water consumption is more than 1.7 million per year (Zameer et al., 2015, Saxena et al.,
2015). For several decades, many people in developing countries have not had safe and
sustainable water supply (Hunter et al., 2010, World Health Organization, 2015). Although
quality of drinking water and associated health risks vary throughout the world, still it is a
major public health threat (Daud et al., 2017). As a result drinking water quality is a great
public health concern because it is a major risk factor for high incidence of diarrheal diseases
in the globe (Aryal et al., 2012). Based on the distribution of use of the different types of
water sources and the associated risks of diarrhea, 502, 000 diarrheal deaths in low and
middle income countries can be attribute to inadequate and unsafe drinking water. Of these
deaths, 88% occur in Africa and South- East Asia (Bain et al., 2014a). Moreover, in the year
2016, water, sanitation and hygiene was responsible for 829, 000 annual deaths from
diarrhea, and 1.9% of the global burden of disease (World Health Organization, 2014a).

Of all human illnesses in the developing world 80% are caused by biological
contamination of drinking water (Haseena et al., 2017). Recent study revealed that, urban
regions become breeding grounds for emerging and reemerging communicable diseases
(Bermudez-Tamayo et al., 2016). Especially cholera remains a significant threat to global
public health (Taylor et al., 2015). Worldwide, many food and water borne diseases are
caused by either bacteria (Clostridium, Botulinum, E. Coli, Salmonella, Listeria, Vibrio
Cholera); viruses (Enterovirus, Hepatitis A, Rotavirus, Norovirus); parasites (Entamoeba

histolytica, Cryptosporidiosis, Giardia and Trichinosis). Developing countries are affected by
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a wide range of food borne and water borne diseases like Cholera, compylobacteriosis,
E.coli, gastroenteritis, salmonellosis, shigellosis, typhoid and paratyphoid (Kubde et al.,
2017). The food and water borne diseases are major public health problem, with recurrent
outbreaks taking high death toll (Gostin and Wiley, 2016). Developing countries are more at
risk of these because of not only faulty food and water handling practices, or presence of vast
number of food borne pathogens, but added burden of inadequate supply of safe drinking
water and poor environmental sanitation (Boro et al., 2014). The contamination of drinking
water by pathogens causing diarrheal disease is the most important aspect of drinking water
quality (Levy, 2015). This problem arises as a consequence of contamination of water by
faecal matter, particularly human faeces, containing pathogenic organisms (Srinivasan,
2011). Almost one third of the global population is living in developing South Asia where
disease occurrence is high and people are unaware of water and food -borne diseases (Malik
et al., 2012).

2.2. Bacterial contamination of Drinking Water

There are over 500 waterborne pathogens of potential concern in drinking water,
identified by the United State Environmental Protection Agency (USEPA) (Chaudhry and
Malik, 2017). Global water quality standards and analytical methods to detect water
contamination may differ in some aspects, but they are primarily based on percentage
compliance with faecal indicator bacteria levels (total coli forms, faecal coli forms,
enterococci, and E. coli) (World Health Organization, 1999). Regardless of the indicator
employed, all imply faecal contamination has, at least in part (Gleeson and Gray, 1997).
Although water is absolutely necessity for life, it can be a carrier of many diseases including
the pathogenic microbial indicators (Verhille, 2013). Now days, E. coli is the most reliable
indicator of enteric diseases and is therefore the indicator of choice to indicate occurrence of
recent fecal contamination in drinking water systems (Waithaka, 2014). Because, the
presence of E. coli in drinking water easily indicates the presence of other pathogenic

microbial contaminats.

On average, in developing countries, microbial load compliance with the WHO standards
is close to 90% for piped water, and between 40% and 70% for other improved sources
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(Forstinus et al., 2016). A study done in Bangladesh in 2017 revealed that, of the 684
samples, 41% were positive for E. coli (> 1 CFU/100 ml) (Sun et al., 2016). Moreover, a
study done in Kenya in 2018 revealed that 80% of the treated urban water supply samples
tested were positive for total coli forms and notable proportion of the samples tested positive
for Escherichia coli, Clostridium perfringens and Staphylococcus Aureus (Onyango et al.,
2018). In addition, a study done in Maseru District (Lesotho) drinking water sources
comprising spring, open wells, boreholes and open reservoirs water sample results indicated
that, the presence of total coli form and E. coli were found to be 97% and 71% respectively
(Gwimbi, 2011). The quality of a water supply system can be compromised by destroying or
disrupting key biological elements of the water system (Kostyla et al., 2015). Therefore,
contamination is generally viewed as the most serious potential terrorist threat to water
systems (Ajayi and Adejumo, 2011). Chemical or biological agents could spread throughout
a distribution system and result in sickness or death among the consumers and the presence
of some contaminants might not be known until emergency rooms report an increase in

patients with a particular set of symptoms (Figueras and Borrego, 2010).

Sudan based data, done in Al-Butana region of Sudan revealed that, among 36 samples
taken from the distribution systems of several communities, only four (11%) samples have
shown positive results for the Total coli forms count test. Whereas samples taken from public
water stands/tapes/ indicated that out of the 23 sample taken 8(35%) found to be positive for
Total Coliforms count test and 6 (26%) of the 23 analyzed samples were positive to E. coli
test (Abdellah et al., 2012). But, the WHO and the USEPA National Primary Drinking Water
Standards restricted that Total Coliforms and E. coli should not be present in drinking water
at all (World Health Organization, 1996, World Health Organization, 2008b, Curley et al.,
1991). Moreover, the Compulsory Ethiopian Standard Fist Edition 2013: drinking water
specification restricted that Total Coliforms and E. coli should not be present in drinking
water at all (Ethiopian drinking water standard, first edition, 2013).

Differences were observed in drinking water pollution regimes between the well and
spring sampling sites, with the spring water being more degraded than the well site (Diston et
al., 2017). A study conducted in rural households of Ethiopia in 2017, revealed that, the
prevalence of E. coli in water samples was found to be 54.9% (n=233). In most of the
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analyzed samples, a higher prevalence of E. coli was recorded during the wet compared to
the dry season (Amenu et al., 2014). Moreover, a study done in bacteriological quality of
drinking water taken from sources and households of shashemenea, Ethiopia indicated that,
from the total sample taken 18/42 (42.8%), 14/42 (33.3%) and 2 (4.76%) samples were
positive for Fecal coliforms, E. coli and Salmonella species respectively (Haddis et al.,
2017). Small non-community drinking water systems or food establishments provide water to
residents across the world, as well as to transient populations of tourists and travelers at
premises such as campgrounds, restaurants, hotels and cafes (Sekercioglu, 2018). Reports of
outbreaks in Canada and the USA indicate that approximately 50% of all waterborne diseases
occur in small non-community drinking water systems or food establishments (Pons et al.,
2015). The microbiological examination of Drinking Water for the presence of Indicator
Microorganisms (IMs) is a key to determining microbiological quality and ensuring public
health safety (Saxena et al., 2015). Moreover, their presence represents the fecal
contamination of drinking water with pathogens and quality deterioration (Fawell and
Nieuwenhuijsen, 2003, Odonkor and Ampofo, 2013).

Nowadays, in most cases the drinking water applied to the in use devices is a periodical
sanitization and washing by chemicals, which can offer only temporary and not satisfactory
health results (Bolelli et al., 2016). A study done by Bain et al.: in 2014 estimate that, 1.8
billion people globally use a source of drinking water which suffers from fecal contamination
(Bain et al., 2014a). In addition, drinking water is found to be more often contaminated in
rural areas (41%) than in urban areas (12%) and contamination is most prevalent in Africa
(53%) and South-East Asia (35%) (Bain et al., 2014a). A study done in Ohio River
Kentucky, in 2011 revealed that, there was an increased rates of diarrheal or other illness
after heavy rainfall or flooding which suggests that increased microbial loads may be present
(EN-Amin et al., 2012).

Surprising that, drinking water microbial contamination is also common in bottled and
bagged drinking water and factory results (Miles et al., 2009). A study done in Kumasi,
Ghana, in 2014 showed that, 82% of samples taken from the bottled drinking water were
contaminated with E. coli, Salmonella or other coliforms as well as enterobacteriaceae

(Awuah et al., 2014). Moreover, the bacteria contaminations have the ability of causing
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diseases including Typhoid fever, Cholera, Dysentery and other gastrointestinal (Stoler et al.,
2012, Obiri-Danso et al., 2003). Many study results indicated that, even the sale and
consumption of packaged drinking waters continues to grow rapidly in most countries of the
world, it causes many health problems due to its high prevalence of microbial contaminants
like other unsafe sources of drinking water (Stoler et al., 2012). There is high prevalence of
microbial contamination of drinking water in developing countries, but to reduce the problem
many efforts were done including interrupted mode of transmission of pathogenic organisms

in addition to using chemicals like chlorination and other disinfectants (Oyedeji et al., 2010).

A study conducted in Pakistan in 2017 revealed that out of 130 collected samples,
microbial contamination for fecal coliforms, E. coli, and Total coliforms were found to be
23.8%, 20%, and 12.3%, respectively (Daud et al., 2017). Microbial pollution has been
discovered as one of the serious problems in rural as well as urban areas (Daud et al., 2017).
A study done in Zambia in 2011 revealed that, among 120 household drinking water samples,
Escherichia coli and Total coliform bacteria were detected in 41% and 74% of the samples,
respectively (Peletz et al., 2011). A study conducted in treated and stored drinking water of
Kenya, in 2014 revealed that; out of the five hundred and fourty (540) samples examined
35% (189/540) were positive for all the microbial isolates. Moreover, the prevalence of Total
coliforms, E coli and Salmonella was found to be 51.8 %, (32.3%) and (15.9 %) respectively
(Waithaka, 2014).

2.3. Access to Sanitation and Hygiene

More than one third (1/3) of the world population does not have access to improved
sanitation (Decker and Palmore, 2013). Although access to water supply and sanitation in
Sub-Saharan Africa has been steadily improving over the past two decades, the region still
lags behind all other developing countries (World Health Organization, 2015). Adequate
sanitation, together with good hygiene and safe water, are fundamental to good health and to
social and economic development (Mara et al., 2010). That is why many scholars said
‘*sanitation is more important than independence’ (Alimi, 2016). But the World Health
Organization (WHO) estimated that in developed countries up to 30% of the population
suffer from food borne diseases each year, whereas in developing countries up to 2 million
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deaths are estimated per year (Chaib and Lawe-Davies, 2017). Moreover, in developing
countries up to an estimated 70 % of cases of diarrheal diseases are associated with the
consumption of contaminated food and water (Chaib and Lawe-Davies, 2017, World Health
Organization, 2015b). Diarrheal diseases caused an estimated 1.3 million deaths and are the
fourth leading cause of years of life lost in developing countries (Hodge et al., 2016).
Between 1998 and 2004, an average of 9040 food and water borne disease outbreaks were
reported to the Centre for Disease Control and Prevention (CDC) and approximately 4675
(52%) of these were attributed to food service establishment (Boro et al., 2015a). A study
done in the United State of America (USA) indicated that, improper food handling practices
contribute to 97% of food and water borne illness in food service establishments and absence
of well-maintained and proper food handling practices in food establishments have been the
causes to impart disastrous effect on human health because of their scale and complexity
(Meleko et al., 2015b). A study done among food-handlers of Ghana revealed that, of the
total participated food handlers, 86.4% and 72.8% of them was practiced proper cleaning of
the instruments/utensils and used detergent respectively (Akabanda et al., 2017). In addition
this study results indicates that 76.2% of the food- handlers did not know that, Salmonella is
a food borne pathogens and 70.6% did not know that hepatitis A is a food borne pathogen
(Akabanda et al., 2017). However, 81.7% handlers agreed that typhoid fever is transmitted by
food and 87.7% agreed that bloody diarrhea is transmitted by food (Akabanda et al., 2017).

The transmission of infectious diseases via contaminated food and water continues to be a
risk to public health all over the world (Ware and Basuri, 2011). Because, source and
finished drinking waters are vulnerable to microbial pathogen contamination from a variety
of sources of human and animal fecal wastes and from the introduction and proliferation of
non fecal pathogenic microbes (Kostyla et al.,, 2015). Although the World Health
Organization (WHO) water safety plan is emphasized in order to develop better approaches
designed to meet the requirements of safe drinking water supply for all mankind, still water
that looks suitable for drinking may be contaminated with pathogens that may cause serious
health problems (Schriks et al., 2010). In developing countries, the health burden of poor
water quality is massive and caused many health problems (Chauhan et al., 2017). Because

water is prone to fecal contaminants which is the sources of gastrointestinal illnesses for the
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public throughout the world especially in the developing countries it creates a great
community health problem (Chauhan et al., 2017, Azizullah et al., 2011).

2.4. Risk Factors of Waterborne Diseases

The environmental determinants of health can include adequate amounts of fresh and
uncontaminated water and oxygen as well as access to nature or green spaces (Ugochukwu et
al., 2015). The ranges of social, ecological, political, commercial and cultural factors that
influence health status are also known as the determinants of health. The quality of drinking
water is a powerful environmental determinant of health (Ugochukwu et al., 2015).
Inadequate water supply, poor sanitation and hygiene practices are the major risk factors to
foster many infectious food and waterborne diseases (Verhille, 2013, Cairncross et al., 2010).
Moreover, there are many factors that causes diseases especially through contact with
consumption of polluted water and raw food (PATHAK, 2015).

Health hazards and risk factors related to water, sanitation and hygiene (WASH) are of a
composite nature (Baig et al., 2012). Because, various determining aspects like drinking-
water may be a medium that can serve to transmit pathogens and toxic chemicals; the lack of
services to provide access to safe drinking-water and adequate sanitation should be taken into
consideration (Hodge et al., 2016, Gruber et al., 2014). A study conducted in developing
countries revealed that, the risks of diarrheal diseases related to food establishments are
classified into three major categories, namely: environmental, chemical and micro-biological;
however, the risk concerns mostly expressed were mainly health and spoilage/microbial
related (Prabhu and Shah, 2012). The most important risk factor for poor health is lack of
clean water and poor sanitation and it has major health impacts (World Health Organization
and Unicef, 2015). Specially, in developing countries the poor people have a great burden of
diseases due to inadequate water supply, sanitation and hygiene (Jabeen et al., 2011). But
ideally the importance of water to human health and wellbeing is encapsulated in the Human
Right to Water and Sanitation, which entitles everyone to ‘‘sufficient, safe, acceptable
physically accessible and affordable water for personal and domestic uses’” reaffirmed by
the United Nations General Assembly and Human Rights Council (Bain et al., 2014c). This
indicates access to improved drinking water, sanitation and hygiene is one of the prime
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concerns around the Globe although it remains with huge gap (Joshi et al., 2014). Moreover,
the most common problems at food establishments and at household-level that results in
contamination of water with pathogenic microorganisms were identified in different studies
which includes lack of access to potable water, storage of water condition, environmental
hygiene practice and hand washing practice (Woldt and Moy, 2015).

To improve understanding of pollution patterns and to support decision making concerning
effective control and prevention of disease, it is very important to be able to identify hidden
sources of drinking water pollution (Cabral, 2010, Sun et al., 2016). In Africa, poor
sanitation and hygienic practice is the underlying cause of food and water contamination
(Hanjra and Qureshi, 2010). Moreover, food handlers with poor personal hygiene and lack of
awareness about cross contamination could be potential sources of infections (Tessema et al.,
2014).

Even though filtration and chemical disinfection with chlorine of water were introduced in
the early 1900, it has been known that drinking water contamination causes epidemic
diseases (Ngure et al., 2014). Many people in urban areas still live without access to safe
drinking water and adequate sanitation and this is a primary determinant of continuing
poverty (Kosoe and Osumanu, 2015). Provision of safe drinking water and food is crucial for
the well-being of current and future generations although not achieved still (AL-Dulaimi and
Younes, 2017). Moreover, infrastructure for community water systems and household water
and sanitation facilities should be better built and maintained (Eder et al., 2012). Because
water sources exhibited high levels of contamination with microbial pathogens attributed to
poor sanitation (Okullo et al., 2017).

2.5. Awareness, outlook and practice of food handlers

Globally, deterioration of food and water safety practices have become major public
health concern due to the spread of food and water borne diseases (Soon et al., 2011). At the
global scale, food and water associated infectious diseases are significantly correlated with
poverty impacting all regions (Yang et al., 2012, Nee and Sani, 2011). However, the issue of
food and water safety is much more complicated in developing countries due to several
reasons (Tegegne and Phyo, 2017). Poor socioeconomic status is one of the leading causes of
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consumption of unsafe food and water that contributed to outbreaks of infectious diseases in
communities (Tessema et al., 2014, Ssemugabo et al., 2019). As a result, consumption of
contaminated food and water caused a significant number of cases of diarrheal diseases in
developing countries (Chaib and Lawe-Davies, 2017, World Health Organization, 2015b). A
study done in Nigeria reported that, according to 33% of the respondents, restaurant food
commonly caused food borne illness (Onyeneho and Hedberg, 2013). Furthermore, there is a
linkage between food establishments and approximately 60% of food borne disease
outbreaks (Akabanda et al., 2017). There are abundance of conditions where food and water
borne disease affect the health of people (World Health Organization, 2017, Meleko et al.,
2015a). But, the chances of food and water contamination mostly depend on the health status
of food handlers and their hygiene behaviors, awareness, outlook and practices (Mudey et al.,
2010, Ifeadike et al., 2014).

The trichotomy of awareness, outlook and practice of food handlers are the three important
factors that play vital roles in the incidence and outbreak of food and water borne diseases
(Sharif and Al-Malki, 2010). People involved in food handling and having poor personal
hygiene and lacking awareness of ways to preventing food and water borne diseases, could
be potential sources of infections (Kubde et al., 2017). Though food handlers are expected to
maintain a high degree of personal hygiene and careful handling of food; they have
inadequate perception about how food and water could be contaminated, and usually have
low standards of personal hygiene for the tasks they are expected to perform (Sani and Siow,
2014). Moreover, poor food handling practices among food handlers is common (Panchal et
al., 2013). Due to poor hygienic practice and the nature of their work, food handlers can
transmit a variety of food and water borne diseases to their customers (Kubde et al., 2017,
Abdul-Mutalib et al., 2012). Food borne illnesses outbreaks can be caused by poor hygienic
practices of food handlers in conjunction with poor sanitary conditions of food outlets
(Kibret and Abera, 2012).

2.6. Food and water hygiene
In Africa, it is estimated that 92 million people fall ill from consuming contaminated

foods, resulting in 137, 000 deaths each year (Waithaka, 2014). As a result globally, it is
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noted that regulation in the area of food quality and safety protection was emerged with the
objectives of safeguarding consumers from both economic and health risks (Temesgen and
Abdisa, 2015). Food hygiene is the set of basic principles employed in the systematic control
of the environmental conditions during production, packaging, delivery/transportation,
storage, processing, preparation, selling and serving of food in such a manner as to ensure
that food is safe to consume and is of good keeping quality (Ifeadike et al., 2014). Moreover,
the principle of food hygiene implies that there should be minimal handling of food items
and food handlers are expected to observe proper hygiene and sanitation methods as the
chances of food contamination largely depend on their health status and hygiene practices
(Ifeadike et al., 2014, Ko, 2011). However, food handlers with poor personal hygiene and
lack of awareness of important issues in preventing food borne diseases, working in food
establishments could be potential sources of infections of many intestinal helminthes of
protozoa and estrogenic pathogens (Kubde et al., 2017). Approximately 60% of food borne
disease outbreaks are linked to eating establishments and commercial caterers (Akabanda et
al., 2017).

It has been estimated that cross-contamination in the food establishments kitchen resulting
in food poisoning can be attributed to contamination from Escherichia coli O157: H7 (40%),
Campylobacter (30%), and Salmonella (20%) (Ifeadike et al., 2014). Even though food
handlers have a basic responsibility to maintain a high degree of personal hygiene and food
handling practice; they have almost no knowledge about the ways and means of food and
water contamination, and usually have low standards of personal hygiene for the tasks they
are expected to perform (Ifeadike et al., 2014). Moreover, negligence in safe food handling
practices among food handlers is common (Legesse et al., 2017). However, the chances of
food being contaminated depend largely on the health status of food handlers, their hygiene,
their knowledge, attitude and practices (Legesse et al., 2017). Because food handlers can
transmit a variety of diseases (Kubde et al., 2017). This has been most famously
demonstrated by the notorious case of “Typhoid Mary”, a food handler who was also a
chronic carrier of Typhoid (Prabhu and Shah, 2012). In short, poor hygienic practices by
food handlers coupled with poor sanitary conditions in food and drink establishments can
contribute to outbreaks of food borne illnesses (Kibret and Abera, 2012). A Study done in
India revealed that the statistics on food borne illnesses in various industrialized countries
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show that up to 60% of cases may be caused by poor food handling techniques, and by
contaminated food served in food service establishments (Prabhu and Shah, 2012). However,
the risk of spread of disease through food handlers though grave has been neglecting. A study
conducted in Beijing, China in 2014 indicated that, the self-reported prevalence of diarrhea
among adults was 17.5% (Ma et al., 2014). Here six behavioral factors were significantly
associated with diarrhea including washing hands before meals and after defecation, washing
hands with soap and running water, consuming raw seafood ,using the same chopping block
and knife when processing raw and cooked food , using the same chopsticks to handle raw
and cooked food (Ma et al., 2014). A study done in Ethiopia, in Bahr Dar Town revealed
that, the prevalence of diarrhea disease among food handlers was found to be 6.5% (Abera et
al., 2010). Moreover, a study done in United Kingdom (UK) kitchens indicated that, 32% of
chefs and catering students were suffering from diarrhea or vomiting (Jones et al., 2017).
Haiti based research result indicated that, five out of 56 or 8.93% of the food handlers had
diarrhea at the time the study was conducted (Llanes et al., 2016). This study also indicated
that, food-handlers with poor personal hygiene working in food-service establishments could
be potential sources of infection (Llanes et al., 2016).

2.7. Hypothesis of the study

Definition: A statistical hypothesis is an assumption or a statement, which may or may not
be true concerning one or more populations (Hill, 1955). In the study, the main hypothesis
that we wished to test was called the null hypothesis, since acceptance of it commonly
implies “no effect” or “no difference.” It is denoted by the symbol Ho. In a formal
hypothesis test, hypotheses are always statements about the population (Gaddis and Gaddis,
1990). In everyday life, we often have to make decisions based on incomplete information
(Rao et al., 2007). This section is about the use of hypothesis testing to help us with these
decisions where they are correct or not (Rao et al., 2007). Because, it cannot take a single
step forward in any inquiry unless we begin with a suggested explanation or solution of the
difficulty, which originated it (Gaddis and Gaddis, 1990). Such tentative explanations are
suggested to us by something in the subject matter and by our previous knowledge (Hill,
1955). When they are formulated as propositions, they are called hypotheses (Hill, 1955).
The hypothesis (plural hypotheses) is a tentative solution of a problem (Rao et al., 2007). The
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research activities are planned to verify the hypothesis and not to find out the solution of the
problem or to seek an answer of a question (Feinstein, 2001). It is very essential to a research
worker to understand the meaning and nature of hypothesis (Rao et al., 2007). Hypothesis
testing is a kind of statistical inference that involves asking a question, collecting data, and
then examining what the data tells us about how to precede (Rao et al., 2007). The researcher
always plan or formulate a hypothesis in the beginning of the problem (Gaddis and Gaddis,
1990).

The goal of hypothesis testing in this study is to determine the likelihood that a population
parameter, such as the mean of the occurrence of fecal coliforms /or E. coli in drinking water,
awareness, outlook and practice of food handlers, prevalence of diarrheal disease among food
handlers, and sanitation and hygiene status of food establishments are likely to be true. In this

section, the researcher describe the two types of hypothesis as follows:

The Null Hypothesis (HO): Is a method for testing a claim or hypothesis about a parameter
in a population, using data measured in a sample (Feinstein, 2001). In this method, we test
some hypothesis by determining the likelihood that a sample statistic could have been
selected, if the hypothesis regarding the population parameter were true (Rao et al., 2007).
Moreover, the null hypothesisis a characteristic arithmetic theory suggesting that no
statistical relationship and significance exists in a set of given, single, observed variables
between two sets of observed data and measured phenomena (Hill, 1955).

An alternative hypothesis (H1): is a statement that directly contradicts a null hypothesis by
stating that that the actual value of a population parameter is less than, greater than, or not
equal to the value stated in the null hypothesis (Feinstein, 2001).

Based on the above assumptions, the researcher conducted the tests depend on operational

definitions and the real known facts to each objective as follows:

1.6.1. To research objective one:

Ho: =0 vs. Hi: p #0.

Where;
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Hi: p #0, there is difference between the WHO drinking water standard and the result of this
study related to Microbial load of drinking water at the point of use in food establishments of
Addis Ababa, Ethiopia. Moreover, Hi: u #0, there is difference between the dry and wet
season of the year in Microbial load of drinking water at the point of use in food
establishments of Addis Ababa, Ethiopia.

» However, the research result approved that, there was significant difference in
microbial load between the WHO standard and the obtained resuts. Moreover, there
was significant difference in microbial load between the rainy and dry season.
Therefore, the alternative hypothesis was accepted.

1.6.2. To research objective two:

Ho: n=0vs. Hi: p #0.

Where;

Hq.: p 0, there is poor hygiene and sanitation condition among food establishments of Addis
Ababa Ethiopia.

» The finding of the study approved that, 57.4% of the food establishments were under
poor sanitation and hygiene status. Therefore, as above half of the food
establishments had poor satiation and hygiene status the alternative hypothesis was
accepted.

1.6.3. To research objective three:

Ho: w=0vs. Hi: p #0.
Where;

Hi: p =0, there is poor awareness, outlook and practice among food handlers towards food
and water quality management in Addis Ababa, Ethiopia.

» The outcome of the study approved that, 55.5%, 66.1% and 60.6% of the food
handlers had good awareness, outlook and proper hygiene practices respectively.
Therefore, to all measurements, as above half of the food handlers had good
awareness, outlook and proper hygiene practices the null hypothesis was accepted.

23



1.6.4. To research objective four:

Ho: =0 vs. Hi: p #0.
Where;
Hi: p #0, there are different health problems or diarrheal diseases among food handlers of
Addis Ababa, Ethiopia
» The finding of this study approved that, the two-week prevalence of diarrhea among
the food handlers was found to be 3.4%. Further, 1.6%, 10.5%, 10.7% and 9% of the
food handlers had acute watery diarrhea, cough, an infection of runny nose and
incidence of any fever respectively. So that, as many of the food handlers had
different health problems, the alternative hypothesis was accepted.

2.8. Conceptual framework of the study

The conceptual framework of the study indicated that, the primary factors that causes public
health problems when they are compromised. That is, when there is poor drinking water,
poor sanitation and hygiene practice in food establishments and poor health status of food
handlers, public health problems can be create easily; especially food and water borne
diarrheal diseases can foster in the community. Moreover, the secondary factors that impose
an effect on the primary factors are assessed to estimate the health status of the community
and to reveal the gap of sanitation practices at food establishments’ level. Besides, the
conceptual framework of the study revealed that, the outcome variables of the study can
provide an advantage to policy makers and others beneficiarries on which to base decisions.
Moreover, it indicated that, the outcome of the study can be assist to alleviate poverty and to
enhance the public health through using effective methods of hygienic practices. Shortly, the
conceptual frame work of the study indicated below in Figure 1.
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Chapter 3
METHODS AND MATERIALS

The methodology used in this study is classified in to three major categories. The first
category depicts the primary data collection and organization phase. This phase is followed
by data cleanliness, analysis and interpretation phase. The final stage of the study is the result
generation, and discussion phase. In this study, two major methods were applied. These
include longitudinal and cross sectional study designs. Moreover, the overall procedure and
methodology are discussed based on sub-topics and deliverables.

3.1. Description of the Study Area
3.1.1. Study Area

The study was conducted in Addis Ababa city located in Upper Awash River Basin, the
capital of the Federal Government of Ethiopia and where the African Union Headquarters are
housed. The city is located between 8°49° 55.929” and 9°5°53.853” North latitude and
between 38°38°16.555” and 38°54°19.547” East longitudes, covers an area of 51, 948.85
hectare and has a total population of 3,384,569 according to the 2007 census (Population and
Housing Census, 2008). According to the 2017 AAFMHACA report, there are 1141 licensed
food establishments, employing 4565 food handlers. Of the total licensed food
establishments, 95 (8%) are large (hotels with one or more stars) and the remaining 1046
(92%) are small food establishments which include unranked (non-star hotels, bars,
restaurants, cafes etc) (Girmay et al., 2020). According the AAFMHACA, the Addis Ababa
food establishments are categorized in to slum and non-slum area based on the 12 criteria.
Which are liquid and solid waste management practice, presence of improved toilet and
septic tank, good housing condition (clean, ventilated), acceptable dishwashing system
practice, presence of food handlers with medical checkup, availability of enough space for
work, availability of continuous water supply, availability of shower, good food storage

condition and presence of hand washing facility.

The government provides safe water to the food establishments despite huge discrepancies
from sub-city to sub-city. The provided water is also inadequate compared to the needs of the
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food establishments. Due to this and other unknown factors, most of the food establishments
have been subjected to poor environmental and hygiene practice. As a result, recurrent food
and water borne outbreaks have occurred and many users of the food establishments are
exposing to many health problems. Because, in addition to lack of adequate quality of
drinking water and sanitation; it is estimating that over 80% of Addis Ababa’s population
lives in slum districts with very poor housing construction quality and very small plot sizes
(Birhane et al., 2014). Moreover, only 11.4% of Addis Ababa’s population in the urban
slums and 41.2% of the city’s total population had access to improved sanitation. Most
people in the urban slums (80.4%) used unimproved sanitation facilities and 8.2% practiced
open defecation. Moreover, less than 44% and 30% of the city has access to clean water and
sewerage services respectively (Beyene et al., 2015). Further, shortage of water supply and
poor water quality are the major concerns of Addis Ababa city administration (Kidanie,
2015).The location map of Addis Ababa city is depicted below in Figure 2:
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Figure 2: Map of Addis Ababa city administration

Source: Girmay AM, Evans MR, Gari SR,Alemu BM, Gebremariam AG, (2020) Diarrheal
disease and associated behavioural factors among food handlers in Addis Ababa,
Ethiopia.(Girmay et al., 2020).
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3.1.2. Study Design

An institutional based longitudinal and cross sectional study designs were conducted to
determine Microbial load and seasonal variation of drinking water quality at the point of use
in food establishments, sanitation and hygiene situation of food establishments and health
status of food handlers in Addis Ababa city administration.

3.1.3. Study Period

The study was conducted from half of June 2019 to half of March 2020.
3.2. Sampling strategy

3.2.1. Source Population
All food establishments and food handlers located in Addis Ababa city administration were
the source population.

3.2.2. Study Population

All selected food establishments and food handles located in Addis Ababa city

administration.
3.2.3. Inclusion Criteria

All food establishments that have been provide service for at least six months in the city and
food handlers aged 18 years and above were the inclusion criteria.

3.2.4. Exclusion Criteria

Establishments that provide only packed and canned food and water were excluded from the
study, because they are less likely to be contaminated. Moreover, casual food handlers, food
establishments which were closed at the time of visit, were excluded.

3.2.5. Sample Size determination

The sample sizes were calculated using a single and two population proportion formulas
(EPI' INFO version 7.2.2.6, STATCALC) as follows:
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3.2.5.1. Sample size determination for objective one

The sample size was calculated using unmatched cohort and cross sectional study formula
(EPI INFO version 7.2.2.6, STATCALC); by considering, 95% confidence interval, 80%
power to detect if there is difference, 1:1 ratio and 15.9% occurrence of microbial load or
salmonella (outcome in unexposed group), based on a study result done in treated, stored
and drinking water in Nauru north, Kenya in 2014, (Waithaka, 2014). Then, using the
unmatched cohort and cross sectional study formula (EPI INFO version 7.2.2.6,
STATCALC), the sample size was equal to 114 samples of drinking water. After adding 10%
for non-response rate or to involuntary owners, the total sample size for this longitudinal
study was equal to 125 sample of drinking water. For this objective, the total sample size (n)
was taken in to two seasons. To assess seasonal variation of drinking water quality, 125
samples of drinking water were collected and microbiological analyses were done at the dry
season. Similarly, 125 samples of drinking water were collected repeatedly taken from the
same food establishments in the wet season and microbiological analyses were done. Totally,
250 samples of drinking water samples were collected to this objective.

3.2.5.2. Sample size determination for objective two

The sample size was calculated using a single population proportion formula (EPI INFO
version 7.2.2.6); with the assumption of 46.2% proportion (P) of food establishments used
hygienic practices observed in kitchen (wash utensils using hot water) (Boro et al., 2014),
acceptable margin of error 0.05 (d), and with 95% confidence level (Z o/2), the sample size
was calculated. For the non-response rate, 10% contingency was also considered.
Accordingly, the required sample size was 420.

n=(Z2) * P(1-P)

d:-
Where,

n = the calculated sample size,

z =standard score corresponding to 95% ClI,

p = the assumed poor sanitary status of the food establishments (46.2%),
d= marginal error (5%)

Then, n = (1.96) 2 *(0.5) 2, n = 382+ 38= 420
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(0.05) 2
Therefore, the sample size (n) for this study was = 420.

3.2.5.3. Sample size determination for objective three

A/ Sample size for awareness of food handlers: Was calculated using a single population
proportion formula (EP1 INFO version 7.2.2.6, STATCALC); with the assumption of 95%
confidence interval, tolerable margin of error (d) 5%, and with the pervious population

proportion of knowledge heard about food borne diseases (p=27.9% ) among food handlers
(Kubde et al., 2017), the sample size (n) was calculated as follows:
n=(Z%) * P(1-P)
d:-
Where,
n = the calculated sample size,
z =standard score corresponding to 95% ClI,
p = the assumed population proportion of knowledge heard about food borne diseases among
food handlers (27.9%), (Kubde et al., 2017)),
d= marginal error (5%).
Then, n=(1.96) * (1.96) * (0.279) * (1-0.279) =309
0.05*0.05
Adding 10% non-response rate, the sample size was = 340

Therefore, the sample size (n) was = 340.

B/ Sample size for attitude of food handlers:

The sample size for attitude of food handlers was calculated using a single population
proportion formula (EPI INFO version 7.2.2.6); with the assumption of 95% confidence
interval, tolerable margin of error (d) 5%, and the pervious population proportion of use of
tidy clothes for cleaning reduces the risk of food and water contamination (P = 46.5%)
among food handlers, (Kubde et al., 2017), the sample size (n) was calculated as follows:
n=(Z2) * P(1-P)

d:'

Where,
n = the calculated sample size,
z =standard score corresponding to 95% ClI,
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p = the assumed proportion of good attitude of food handlers (46.5%),(Kubde et al., 2017)
d= marginal error (5%).
Then, n=(1.96) * (1.96) * (0.465) * (1-0.465) =382
0.05*0.05
Adding 10% non-response rate, the sample size for this was = 420

C/ Sample size for practice of food handlers: Was calculated using a single population

proportion formula (EPI INFO version 7.2.2.6); with the assumption of 95% confidence
interval, tolerable margin of error (d) 5%, and the pervious population proportion practice of
washing of hands before handling food (P = 93%) among food handlers, (Kubde et al.,
2017), the sample size (n) was calculated as follows:
n=(Z2) * P(1-P)
d:'
Where,
n = the calculated sample size,
z =standard score corresponding to 95% ClI,
P = percentage of food handlers with acceptable hand washing practice 93%,(Kubde et al.,
2017)
d= marginal error (5%).
Then, n = (1.96) * (1.96) * (0.93) * (1-0.93) = 100
0.05*0.05

Adding 10% non-response rate, the sample size was = 110 food handlers.

Finally, from the three calculated sample size (340, 420, and 110), the largest calculated

sample size (420) was taken for this study.
3.2.5.4. Sample size determination for objective four

To estimate two-week prevalence of diarrheal disease and associated behavioral factors
among food handlers in the food establishments of Addis Ababa, sample size was calculated
using a single and two population proportion formula (EPI INFO version 7.2.2.6) considering
that:

A/ The sample size was calculated using a single population proportion formula (EPI INFO
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version 7.2.2.6); with the assumptions of 95% confidence interval (two sided), tolerable
margin of error (d) 5%, since no study conducted on prevalence of diarrheal disease among
food handlers of Addis Ababa, the population proportion (p=50%). Adding 10% for non-
response rate, the sample size was calculated as follows:

n=(Z2) * P(1-P)

d:'
Where,
n = the calculated sample size,
z =standard score corresponding to 95% ClI,
p = the assumed proportion food handlers free from diarrhea 50%,
d= marginal error 5%.
Then, n= (1.96) * (1.96) * (0.05) * (1-0.05) = 384
0.05*0.05
Adding 10% for non-response rate, the sample size was 422 food handlers.

B/ Sample size for the associated factors of diarrheal disease among food handlers: Was
calculated using two population proportion formula (EP1 INFO version 7.2.2.6) considering
that:
1%t For hand washing before meals and after defecation:
s pl (prevalence of diarrhea among exposed group is 16.9% and p2 prevalence of
diarrhea among unexposed group is 24.1% (Ma et al., 2014).
% Power to detect a significant difference between P1 and P2 if it exists (1 - B) = 80%
% Za/2=95% confidence interval
% Ratio [r] = 1: 1 and OR= 0.643 (Ma et al., 2014)
% Then, using EPI INFO version 7.2, 2.6 STATCALC, the sample size becomes 1058
sample of food handlers
2", For hand washing practice of food handlers after toilet use only:
% pl (prevalence of hand washing practice of food handlers after toilet use(exposed
group to hand washing) is 89.3%) and p2 (prevalence of no hand washing practice
after toilet use among food handlers (un exposed group to hand washing) is 10.7%
(Ifeadike et al., 2014)
% Power to detect a significant difference between P1 and P2 if it exists (1 - B) = 80%
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% Za/2=95% Confidence interval

% Ratio[r]=1:1

% The weighted average of P1 and P2 =P =P1 + r (P2) = 0.893+1(0.107) = 0.5
1+r 1+1

s Sample size for hand washing practice of food handlers after toilets use was = nl
% Then, using the two population proportion formulas, the sample size (n) was
calculated as follows:
% Using, p1 =0.893; p2 =0.107; P =(0.893 + 0.103)/2=0.5; Z ./ 2 =1.96; r =1 and
Z(1-B)=0.8
nl=[(1.96V (1 + 1/1) 0.5(1 -0.5) + 0.8 ¥ 0.893 (1 — 0.893) + 0.107 (1 — 0.107)] 2 =172
1

(0.893- 0.107)

% pl- (prevalence of hand washing practice after toilet use among food handlers
(exposed group to hand washing),
% p2- prevalence of not hand washing practice after toilet use among food handlers
(un exposed group to hand washing),
% Z(1-B) -Power to detect a significant difference between P1 and P2 if it exists ,
% Za/2-95% Confidence interval
% r= Ratio,
% P -The weighted average of P1 and P2,
% nl - Sample size for proper hand washing with soap and water
Lastly, from the three calculated sample size (422, 172 and 1058), the largest sample size
(1058 food handlers) was taken for this study.

3.2.5.5. Sampling Procedure

Different sampling procedure was used for each objective. The study participants were
selected using a stratified, simple random sampling technique. To collect data, a listing of the
1141 the licensed food establishments were obtained from AAFMHACA. These 1141 food
establishments were stratified in to slum and non-slum areas based on their location. Sample

allocation was conducted to the slum and non-slum areas in addition to the large and small
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food establishments. After the food establishments were stratified based on their location and
size (large or small), the required sample was selected at random.

Similarly, the food handlers were stratified in to two based on their work location in which
the slum and non-slum area. Besides, food handlers working in big and small food
establishments were further stratified in to two. Then, each sample was allocated to slum and
non-slum area or strata using a proportional sample allocation. Besides, samples were taken
from the big and small food establishments according the sample allocation. Then, one food

handler was selected from one food establishment.

A stratified random sampling technique was conducted, in both slum and non-slum area
and bigness and smallness of food establishments of Addis Ababa. The main purpose of
stratification was for the sake of representativeness of food establishments, which are located
in different area, various statuses with different characteristics and environmental hygiene
and sanitation practices. Further, it was also capture representativeness of food handlers,
which are working in different area and in various types of establishments with different

characteristics like educational status and work experience.

To take sample for objective one, from the 95 big food establishments and 1,046 small food
establishments, 51 and 74 samples of food establishments (total of 125 samples of food
establishments) were taken from the non slum and slum area respectively. Moreover, from
the non-slum area (51), 7 samples from the large and 44 samples from the small food
establishments were included. Also, from the slum area (74), 3 samples from the large and
71 samples from the small food establishments were collected. Totally, 10 samples from
the large and 115 samples from the small food establishments (total of 125 samples of food
establishments) were selected. Then, address of the selected food establishments was
registered to simplify for the next visit. To assess seasonal variation of drinking water
quality, 125 samples of drinking water were collected at the dry season (December—
March). Similarly, 125 samples of drinking water were collected from the same or
registered food establishments in the wet season (June-September). Finally, using a simple

random sampling technique, from the total selected 125 food establishments, 250 drinking
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water samples (250 ml from each) were collected directly from the point of use of the food

establishments at both seasons.

Similarly, for objective two, three and four, stratification was done to food establishments
and food handlers according their location (slum and non-slum area). In addition,
stratification based on the food establishments bigness and smallness was done. Then, each
sample was allocated using proportional sample allocation. Based on this, for objective two,
for the 420 samples, 170 and 250 samples of food establishments were taken from the non-
slum and slum area respectively. From the non-slum area (170), 23 samples from the large
and 147 samples from the small food establishments were collected. Besides, from the slum
area (250), 10 samples from the large and 240 samples from the small food establishments
were collected. Finally, using a simple random sampling technique, 420 food establishments
were selected to assess sanitation and hygiene status. A stratified random sampling technique
was used in both slum and non-slum areas as well as large and small food establishments of
Addis Ababa.

For objective three, food handlers were stratified based on their work location and size of
food establishments in which they do (big or small). Sample allocation was done to the slum
and non-sum area in addition to the big and small food establishments. Based on the sample
allocation, 171 and 249 food handlers were taken from the food establishments located in the
non-slum and slum area respectively. From the non-slum area (171), 24 samples from the big
food establishments and 147 samples from the small food establishments were taken.
Besides, from the slum area (249), 11 samples from the big food establishments and 238
samples from the small food establishments were taken. Further, based on the sample
allocation of the size of the food establishments, from the slum and non-slum area a total of
35 and 385 samples of food handlers were taken from the big and small food establishments
respectively. Lastly, using a simple random sampling technique, one food handler from one
food establishment was selected at random to assess awareness, outlook and practice of food
handlers towards food and water safety.

Similarly, for objective four, the food handlers were stratified in to two based on their work
location (slum and non-slum area). Further, food handlers working in big and small food
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establishments were stratified in to two. Based on this, sample allocation was done to the
slum and non-sum area in addition to the big and small food establishments. Then, after the
food handlers were stratified based on their work location and size of food establishments
(big or small), one food handler from one food establishment was selected at random. Based
on this, 428 and 630 food handlers were taken from the food establishments located in the
non-slum and slum area respectively. From the non-slum area (428) samples of food
handlers, 59 samples from the big food establishments and 369 samples from the small food
establishments were taken. Besides, from the slum area (630) samples of food handlers, 29
samples from the big food establishments and 601 samples from the small food
establishments were taken. Lastly, using a simple random sampling technique, 1058 food
handlers were selected to assess prevalence of diarrheal diseases and associated behavioural
factors. In summary, the sampling procedure for this study is depicted below in Figure 3 as
follows:
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Addis Ababa Food Medicine, Health care Administration and Control Authority
(AAFMHACA),
10 sub-cities

I

List of the 1141 food establishments were obtained from AAFMHACA

'

Non Slum Area sub cities Eluﬂﬁgrﬂ;nﬁsg 1:1:}
: EEIZSU}J];H;’:, % Gullele sub city
fada st m,t}' % Kolfe keranvo sub city
* le_EtEL sub c1t} % Addis ketema sub city
* Yekasubeify % Akaki kality sub city
/ %+ Nifas silk lafto sub city
Small establishment || Big establishment —
(398) (64) Small establishment || Big establishment
(648) (31)
-
Required sample size (51, 171, 164 and Required sample size (74, 249, 241 and 630
418 SEIIHPIESJ Were selected for each samples) were selected for each objectives
objectives respectively respectively
L Y

Then, from 125 food establishments, 250 sample of drinking water were taken from each to
assess the prevalence of microbial contaminants. Moreover, from the two sites, 420 food
establishments were included to assess their sanitation and hvgiene status at random. Besides,
420 and 1058 food handlers were taken to assess awamess, outlook and practice, and
prevalence of diarrheal diseases among food handlers respectively.

Figure 3: Systematic structure of sampling procedure of the study
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Based on the data taken from AAFMHACA, business processing and re-engineering 2017, a

proportional sample allocation was done for each group by using the following formula:

0 N.*n Wh
P = ere,
N

ni = Total sample size in group i
Ni = Total number of food establishments in group i
n = Total sample size determined
The proportional sample allocation was conducted based on the location and size of the food
establishments. In addition, the food handlers were proportionally allocated in the same
scenario. In the study, the sample allocations were done using the above formula and

presented as shown below in Table 1 and Table 2:
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Table 1: Proportional sample allocation by location of food establishments

Sr.no List of Total  Average no The ) ) ] o N.iTn
Sub- cities existing of food expected  Using Proportional sample allocation Formula (" N ), the
food handlersin no of food required samples were taken:
establish a food handlers For Drinking For food For KAP of For diarrheal
ments  establishme (Ni) water establishme food diseases samples
(Ni) nt samples nt samples handlers among food
(n=125) (n=420) (n=420) handlers (n=1058)
Non slum area
Bole 125 X4 500 14 46 46 116
Arada 132 X4 528 14 49 49 122
Lideta 88 X4 352 10 32 33 82
Yeka 117 X4 468 13 43 43 109
Sub-total 462 1848 51 170 171 428
Slum area
Kirkos 107 X4 428 11 39 39 99
Gullele 109 X4 436 12 40 40 101
Kolfe keranyo 118 X4 472 13 44 43 110
Addis ketema 126 X4 504 14 47 46 117
Akaki kality 110 X4 440 12 40 41 102
Nifas silk lafto 109 X4 436 12 40 40 101
Sub-total 679 2716 74 250 249 630
Total 1141 4564 125 420 420 1058
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Table 2: Proportional sample allocation by location and size of food establishments

Sr. List of Total Average no of The N, *n

- - . r|I =
no Sub- cities existing food handlers  expected Using Proportional sample allocation Formula ( N ), the
food in a food no Of food reqUired Samples were taken:
establish  establishment  handlers For Drinking For food  For KAP For diarrheal
ments (Ni) water samples  establishm  of food diseases samples
(Ni) (n=125) ent handlers among food
samples (n=420)  handlers (n=1058)
(n=420)
Non slum area
Big establishment 64 X4 256 7 23 24 59
Small food 398 X4 1592 44 147 147 369
establishment
Slum area
Big food 31 X4 124 3 10 11 29
establishment
Small food 648 X4 2592 71 240 238 601
establishment
Total 1141 4564 125 420 420 1058
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3.3. Data Collection and Analysis
3.3.1. Data Collection Procedures

Drinking water samples were collected at both seasons of the year from the Point of Use
(POU) in food establishments and were bacteriologically tested in laboratory. To collect the
drinking water samples from the food establishments storage, heat-sterilized bottles of 250ml
capacity were used and the methods of sampling were adapted from the WHO guidelines for
drinking water quality. The bottles were delivering to the laboratory within 6 hours and kept
in refrigerator at 4°C until the time of analysis. Moreover, to collect data for objective two,
three and four, data enumerators were identified based on professional capability and
technical experience in collecting the required data. Accordingly, fifteen health professionals
with Bachelor of Science with extensive experience in a similar data collection practices were
employed. In addition, four Masters’ degree holders acted as supervisors were recruited for
supervision of data collection. To create common understanding in the data collection
process, two-days of training for each study were given to the data collectors and supervisors.
To objective two, after written consent was obtained from each food establishment managers,
the data was collected using observational checklist and through face-to-face interview using
structured questionnaire adopted from similar literatures. Further, a meter was used to

measure horizontal distance between toilet and kitchen.

Similarly, to objective three and four, first the data collectors were communicated and
create agreement with the managers about the aim of the study. Then, to select the food
handlers, list and address of food handlers were taken from the manager. Next to this,
randomly selected food handlers were communicated with the trained data collectors to meet
each other at the convenient time and place for the food handler. The data collectors were not
report to managers as they meet the food handlers and were secured and anonymous as they
meet the food handlers to the managers. Finally, after written consent was obtained from each
study subjects, the data was collected from food handlers through face-to-face interview using

structured questionnaire.
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The possible emotional response of participants due to sensitive questions, lack of
confidentiality and any risk that can be arising in this study was solved by providing strong
training and using experienced data collectors and on spot supervision by supervisors and the

principal investigator.
3.3.2. Data Quality Management

To ensure safety of data the role of food establishments, role and responsibilities of data
collectors and processes with regard to the data collection or acquisition, data handling and
cleaning were clearly discussed and managing effectively. Moreover, data processing,
analysis and result writing were managed in every process by giving attention at all.

3.3.3. Data Quality control

A questionnaire was prepared in English and translated to Amharic and back to English to
keep the consistency of questions. Standardized questionnaire adopted from WHO and
different literature were developed and used. To ensure the data quality, pilot study was
conducted to see the effectiveness of the questionarrer. Moreover, the quality of data was
ensured through training of data collectors, close supervision, prompt feedback and daily
recheck of completed questionnaire. Moreover, a brief daily activity evaluation method was
established to correct problems that were arising during the course of data collection. The
consent for each study and the assurance of confidentiality were ensured. The principal
investigator was check and review the entire completed questionnaire to insure completeness
and consistency of the information. The validity of clinical results was ensuring through
following all necessary procedures by experienced laboratory professionals. The instruments
and reagents used to do the test were calibrated and expire date was ensured.

3.3.4. Data Consistency and Completeness

Principal investigator and supervisors made on the spot check and reviewed all the
completed questionnaires to ensure completeness and consistency of the information collected
and immediate action was done. Moreover, to maintain the confidentiality of data, all
completed data forms were securely stored in a locked drawer inside the offices work of the

Principal Investigator of the research. Only research advisors and concerned bodies were
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access to the data. To each food establishment a unique code number was giving in the first
time to the longitudinal study. The facility code number that is found in the questionnaire was

also labeled in to a container of each tube that contains its sample of drinking water.
3.3.5. Data Processing and Analysis Procedures
Membrane filtration method (drinking water microbial load assay)

Membrane filtration method was used for microbiological analysis of the drinking water. In
this method, a measured volume of the water sample was filtered through a membrane with a
pore size small enough to retain the indicator bacteria to be counted. The membrane was then
placed and incubated on Eosine Methylene Blue (EMB) agar, so that the indicator bacteria
grow into colonies on its surface. According to (Cowan et al., 1978, Osman et al., 2018) these
colonies, which are recognized by their color, morphology and ability to grow on the selective
Eosine Methylene Blue (EMB) medium, are counted as separate colonies. Briefly, 100ml of
water samples were filtered using membrane filters using 0.45 um cellulose nitrate membrane
(Millipore, USA) to retain the indicator bacteria. Then, the filters were aseptically removed
from the membrane holder, placed on EMB agars (Himedia) and incubated at 44.5 °C for 24
hours for isolation of fecal coliforms and /or E. coli. To confirm positive samples weather
they were fecal coliform or not, they were re-inoculated into peptone broth test tubes for 24 hr
at 44.5 °C. Then, drops of Kovac’s reagent were added to the re-incubated peptone broth test
tubes. Finally, test tubes which indicated reddish color at the top were identified as positive
for fecal coliforms and/or E. coli. Then, the obtained results of the study were compared with
the WHO recommended drinking water standards. The WHO standard is also equivalent to
the Ethiopian drinking water compulsory standard published on 2013 and European drinking
water standard. Therefore, the findings of the study were compared with standards as seen

below in Table 3:

44



Table 3: WHO bacteriological quality of drinking water standard (WHO, 2011)

Microorganisms Guideline values

All water intended for drinking

E. coli or thermo tolerant coliform bacteria Must not be detectable in any 100ml sample
Treated water entering the distribution system

E. coli or thermo tolerant coliform bacteria Must not be detectable in any 100ml sample
Treated water in the distribution system

E. coli or thermo tolerant coliform bacteria Must not be detectable in any 100ml sample

For the longitudinal study, all laboratory procedures and results were recorded and coded
appropriately. For objectives one, two, three and four, all data were checked for correctness of
information and code. For all data, data analyses were performed by using SPSS (Statistical
Package for the Social Sciences) software version 20. Descriptive statistics, a repeated
measure of Analysis of Variance (ANOVA) statistical model, Binary Logistic Regression,
Multivariable Logistic Regression and Linear Regression Model and analysis of variance
were conducted to analysis the data. In all analysis, p-value less than 0.05 were considered

statistically significant.
3.3.6. Operational Definitions

Drinking water quality: Is the first outcome variable of the study. According to WHO
drinking water standard 2004, water samples with <1 CFU/100 ml were considered to be
uncontaminated and samples with >1 CFU/100 ml to be contaminated (World Health
Organisation, 2004). Moreover, based on a study done by Lloyd B and Bartram J, the fecal
coliform count contamination levels in the drinking water samples were categorized into 0 (no
health risk), 1-10 (low health risk), 11-100 (high health risk) and >100 CFU per 100 mL
(Very high health risk) (Lloyd and Bartram, 1991).

Sanitation and hygiene status: Is the second outcome variable of this study, which was
computed by taking summation of 24 criteria, indicated in table 12. Each criterion was given a
value of 1 for the presence of sanitary condition or correct response and O for the absence or
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incorrect response. The sum of these conditions was calculated and the mean score of all
observations and interview questions was used as a cut-off point to categorize establishments
as good or poor sanitation status. Food establishments with equal to or higher than mean value
(>16.8) were categorized under good sanitation and hygiene status; whereas, food
establishments which scores below mean (<16.8) were considered as poor sanitary conditions.
Good awareness, outlook and practice: were the third outcome variables of the study.

Good Awareness: To assess the level of awareness, respondents were asked 13 questions
from the questionnaire and those who scored greater than or equal to the mean value were
considered as having good awareness and those who scored less than the mean value were
considered as having poor awareness (Tessema et al., 2014).

Good outlook: To assess the level of outlook, respondents were asked 6 questions from the
questionnaire and those who scored greater than or equal to the mean value were considered
as having good outlook and those who scored less than the mean value were considered as
having poor outlook.

Good Practices: To assess the level of practices, respondents were asked 11 questions from
the questionnaire and those who scored greater than or equal to the mean value were
considered as having good practices and those who scored less than the mean value were
considered as having poor practices (Tessema et al., 2014).

Diarrheal Disease: Defecation frequency of three or more loose/liquid stools in a day.

Health Status: The presence of absence of diarrheal disease in two weeks prior to the study.
Food Establishments: Institutions that provide food and drinks for selling to customers.
Food: A material consisting nutritious substances that people eat or drink in order to maintain
life and growth

Food Handlers: A person who is involved in the preparation and handling of food in a food
establishment.

Point of use: Is the drinking water storage of food establishments.

Large/big Food Establishment: Hotels with one or more stars.

Small Food Establishment: Small vendors, non-star hotels, bars, restaurants, cafes.

Some Definition of Sulum Area: The UN-HABITAT defines a slum household as a group of
individuals living under the same roof in an urban area who lack one or more of the

following:
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1. Durable housing of a permanent nature that protects against extreme climate conditions.

2. Sufficient living space which means not more than three people sharing the same room.

3. Easy access to safe water in sufficient amounts at an affordable price.

4. Access to adequate sanitation in the form of a private or public toilet shared by a reasonable
number of people.

5. Security of tenure that prevents forced evictions.
https://mirror.unhabitat.org/documents/media_centre/sowcr2006/SOWCR%205.pdf

However, in this study the word slum is defined based on the AAFMHACA 12 criterias. As a

result, the term is defined as:

Slum Area: Area with poorer sanitation infrastructure.

Non-slum Area: Area with better sanitation infrastructure.

Easily washable: Means a floor, which is smooth and made of cement.

Good ventilation: means a class, with an openable window or similar aperture is required to

be at least 10% of the floor space in that particular area.
3.3.7. Study Variables

A/ Independent or predictor or explanatory variables:
In this study, the independent study variables are defined as a factor or phenomenon that
causes or influences the dependent variable. The predictor variables of this study were:

% Drinking water, time or season, type of food establishments, location of food
establishments like in slum area and non-slum area, distance between toilet and
kitchen, source of water supply, functional shower, functional refrigerator, functional
toilet, functional hand-washing, renewed license, regulatory inspection, three
dishwashing systems, separate kitchen, water storage, utensil cleanliness, bureaucratic
function to obtain permission from the authorized body to renew the food
establishment buildings, health examination certificate and liquid and solid waste
management practice, sex, age, marital status, religion, educational status and length

of work experience of the food handlers etc.
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B/ Dependent or outcome or response variables:
In this study, dependent study variables are defined as phenomenon that is changing by the
effect of an associated factor or independent variable. The outcome variables of this study

Were:

R/
°

Microbiological quality of drinking water
% Sanitation and hygiene status.

R/
L X4

Awareness, outlook and practice of food handlers

>

Diarrheal disease

R/
*

3.3. 8. Ethical Consideration

The ethical procedure followed a serious of three stage based validation processes that
incorporate (1) research approval, (2) technical clearance, and (3) collaborative or
consultative approaches. Firstly, a research letter of support was obtained from the Ethiopian
Institute of Water Resources, Addis Ababa University. Secondly, ethical clearance and
approval technical letter was collected from the Ethiopian Public Health Institute, Scientific
and Ethical Review Board with reference number EPHI 613/138 in June 2019. Thirdly, in
collecting the research data, a written consent of collaborative letter was obtained from the
owner of each food establishments and food handles. Written consent was obtained from each
respondent after explaining the objective of the study. They were informed that their
participation was voluntary. Confidentiality and privacy of respondents were ensured
throughout the research process. The study design does not harm those taking part and it does
not include any identifying information like name, or address of a respondents on
questionnaire. They were well informed by the data collectors; as the study was only for the
purpose of academic and institutional research and not for any other business or illegal
activities. Moreover, participants have been full right to refuse from participated in this
research. They can choose not to respond to some or all questions if they do not want to give
their response or water sample. They have also the full right to withdraw from this study at
any time they wish, without losing any of their right. Then, data were collected after assuring

the confidential nature of responses.
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The principal investigator was provided 8 days training to the data collects whose
background is environmental health with extensive experience on data collection. The training
was emphasized on the overall process of data collection and how they were obtained the
written consent from the participants. The informed consent was obtained from the
participants during their convenient time in appropriate setting even it may be in their
vacation or free from work. The informed consent was obtained before starting the interview
with the structured questionnaire and provision of adequate time for consideration. To obtain
informed consent, the participants were approached friendly and politely, in suitable
environment, and using easy words. In addition, the data collectors were clearly discussed
with the participants about the aim of the study. Food establishments may obtain feedback
that was assisted them in improving service provision, for the benefit of participants; the
feedback should be summary report of the project, with anonyms/with no identifiers of study
participants and food establishments. In addition, coppy of the research will be provided to
Ethiopian Public Health Institute in order to address the findings of the gaps collaborately.

3.3.9. Dissemination of Results

As the study aimed at filling the gaps of total hygiene and sanitation of food establishments,
the study helps for alternative strategy or options to policy makers and may be useful to other
researchers as a reference material while conducted further studies. Moreover, the study
provides with new evidence based results on drinking water and environmental hygiene and
sanitation status of food establishments and health status of food handlers. Therefore, the
result of this study have a great impact on improving the public health by creating new public
intention on food and water borne disease prevention and control mechanisms. As a result, the
results obtained from this study clearly discussed and critical recommendations are forwarded
to the: food establishment owners, the community, Addis Ababa city administration including
sub-city administrations, Addis Ababa water and sewerage authority, Addis Ababa health
bureau, federal ministry of health, other concerned bodies and stakeholders.
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Chapter 4
RESULTS
In this section, the results of the research activities were categorized in to four major parts for.

These include:

» Longitudinal study of microbial load of drinking water and seasonal variation of water
quality at the point of use in food establishments. These findings assessed drinking
water quality of the Addis Ababa food establishments and the health impact of the
poor drinking water quality on the customers and in the community in general. This
study was conducted for long period of time (8 Months) and samples were taken twice
or repeatedly from the food establishments storage to see the seasonal variation of the
drinking water quality.

» Determinants of sanitation and hygiene status of food establishments. The result of
this part mainly indicated the sanitation practice of the food establishments and the
occurrence of food borne disease that could be arise due to poor sanitation and
hygiene practices.

» Trichotomy of awareness, outlook and practice of food handlers towards food and
water safety in food establishments. These results also revealed that, the awareness,
outlook and practice of food handlers towards food and water safety at the food
establishments’ level.

» Diarrheal disease and associated behavioural factors among food handlers. This part
showed that, the health status of food handlers which is a vital activity to reduce
community health problems as food handlers can transfer different causative agents to

their customers.

4.1. Longitudinal study of Microbial load of drinking water and seasonal variation of
water quality at the point of use in food establishments of Addis Ababa, Ethiopia

4.1.1. Microbial load and seasonal variation

In the presumptive test, 32.8% and 16.4% of the food establishments had occurrence of
thermo-tolerant/fecal coliforms in their drinking water during the wet and dry season
respectively. However, in the confirmatory test, 26.4% and 10.7% of the food establishments’
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drinking water had occurrence of E. coli in the wet and dry season respectively. In this test,
out of the total of 247 drinking water samples, 46 (18.6%) of them had fecal coli forms and/or
E. coli (Table 4).

Table 4: Microbial load and seasonal variation of drinking water quality at the POU in
food establishments of Addis Ababa (n=250)

Presence of indicator of Rainy season (N Dry season WHO permissible level in

contaminants (Cfu/100ml) =125) (N=122)  number of micro-organisms
(N)

Thermo-tolerant/fecal Presen 41(32.8%) 20(16.4%) O

coliforms at 44.5° t

Absent 84(67.2%)  102(83.6%)

Escherichia coli (E. coli) Presen 33(26.4%) 13(10.7%) O
at 44.5°% t
Absent 92(73.65%) 109(89.3%)

4.1. 2. Microbial load, seasonal variation and impact of health risk implications

The finding of the study revealed that, 3.2% and 1.6% of the food establishments’ drinking
water had very high health risk to customers during the wet and dry season respectively.
Moreover, 12% and 2.5% of the food establishments’ drinking water had high health risk to
customers in the wet and dry season respectively (Table 5).

Table 5: Microbial load and seasonal variation of drinking water quality at the POU
and impact of health risk in food establishments of Adds Ababa (n=250)

Health risk categories of Fecal coliforms in Rainyseason (N Dry season (N=122)
drinking waters samples (CFU/100 ml) based on  =125)

Frequency % Frequency %
No health risk (0) 84 67.2 102 83.6
Low health risk (1-10) 22 176 15 12.3
High health risk (11-100) 15 12 3 2.5
Very High health risk (>100) 4 32 2 1.6

4.1.3. Descriptive statistics of fecal coliforms and seasonal variation of drinking water

In the study, the mean score of thermo tolerant /fecal coliforms count pre100/ml in the food
establishments’ drinking water were found to be 7.59 and 3.12 in the rainy and dry season
respectively (Table 6).
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Table 6: Fecal coliforms and seasonal variation of drinking water quality at the POU in
food establishments of Addis Ababa (n=250)

Thermo-tolerant or fecal coliforms and season Mean  Std. Deviation N
Number of thermo-tolerant or fecal coliforms at 44.5°% /colony 7.5902 20.46192 122
count per 100ml in rainy season

Number of thermo-tolerant or fecal coliforms at 44.5° /colony 3.1230 13.54855 122

count per 100ml in dry season

4.1.4. Tests of Within-Subjects Effects of time on the number of fecal coliforms count in

drinking water

Having fulfilled the assumption of the “Mauchly's Test of Sphericity” (none significant p-
value), the researchers conducted “Tests of Within-Subjects Effects.” Then, as observed in
table 7, the value of F is 5.631, which reaches significance with a P-value of 0.019 (which is
less than the 0.05 alpha levels). This indicated that, there is a statistically significant
difference between the means of the number of fecal coliform count per 100ml between the
dry and the rainy season (Table 7).

Table 7: Tests of Within-Subjects Effects of time on the number of colony count in
drinking water at the POU in food establishments of Addis Ababa (n=250)

Tests of Within-Subjects Effects

Source Type Il Sum Df Mean F Sig. Partial
of Squares Square Eta
Squared
Time Sphericity Assumed  1217.316 1 1217.316 5.631 0.019 0.044
Greenhouse-Geisser  1217.316 1.000 1217.316 5.631 0.019 0.044
Huynh-Feldt 1217.316 1.000 1217.316 5.631 0.019 0.044
Lower-bound 1217.316 1.000 1217.316 5.631 0.019 0.044
Error(ti ~ Sphericity Assumed  26160.184 121 216.200
me) Greenhouse-Geisser  26160.184 121.000  216.200
Huynh-Feldt 26160.184 121.000  216.200
Lower-bound 26160.184 121.000 216.200
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4.1.5. Pairwise Comparisons to observe the effect of time on the number of colony count

in drinking water

The study showed that, the mean of thermo tolerant /fecal coliforms difference reaches
significance in the different seasons (dry and rainy season). Although, there was a statistical
significance in the thermo-tolerant or fecal coliform means and season of a year, it did not yet
know with which season of a year the mean difference is statistical significant. A repeated-
measure ANOVA determined that the mean of thermo tolerant /fecal coliforms count per
100ml scores had the same significantly across the two time points or seasons (F (1,121)
=5.631, P=0.019. Therefore, to see this difference, pairwise comparisons results were needed.
A post hoc pairwise comparison using Bonferroni correction showed an increased mean
scores of the thermo-tolerant or fecal coliform count per 100ml between the dry and the rainy
season (3.123vs 7.5902 respectively), and which was reached a statistical significant.
Therefore, the results for the repeated-measure ANOVA indicated that, there was a significant
time effect for the growth of thermo-tolerant or fecal coliforms or number of colony count per
100ml (Table 8).

Table 8: Pairwise Comparisons to observe effects of time on the number of colony count
in drinking water at the POU in food establishments of Addis Ababa (n=250)

Pairwise Comparisons

() ) Mean Std. Sig.P 95% Confidence Interval for
time time Difference (I-  Error Difference®

J) Lower Bound  Upper Bound
1 2 -4.467" 1.883 .019 -8.194 -.740
2 1 4.467" 1.883 .019 740 8.194

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni

4.1.6. Tests of Within-Subjects Effects of time on E. coli in drinking water

Similar to the above stated results, after fulfilling the assumption of the “Mauchly's Test of
Sphericity” (none significant p-value), the researcher conducted “Tests of Within-Subjects
Effects.” As indicated in table 9, the value of F is 16.244, which researches significance with
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P-value of 0.000. This indicated that, there is a statistically significant deference between the

means of the E. coli pre 100ml between the dry and rainy season (Table 9).

Table 9: Tests of Within-Subjects Effects of time on E. coli in drinking water at the POU

in food establishments of Addis Ababa (n=250)

Tests of Within-Subjects Effects

Source Type Il
Sum of
Squares
Time Sphericity 1.480
Assumed
Greenhouse- 1.480
Geisser
Huynh-Feldt 1.480
Lower-bound 1.480
Error(Tim) Sphericity 11.020
Assumed
Greenhouse- 11.020
Geisser
Huynh-Feldt 11.020
Lower-bound 11.020

Df

1
1.000
1.000
1.000
121
121.00
0

121.00
121.00

Mean
Squar
e
1.480
1.480
1.480
1.480
.091
.091

.091
091

16.244

16.244

16.244

16.244

Sig.

.00

.00

.00

.00

Partial
Eta
Square
d

118

118
118

118

4.1.7. Pairwise Comparisons to observe effect of time on the occurrence of E. coli in

drinking water

As seen in the above table 9, there was a statistical significance in the occurrence of E. coli

and season of the year though it was not yet known in which season was the mean difference

significant. A repeated—measure ANOVA determined that the mean of occurrence of E. coli

had the same statistical significance across the two time points or seasons F (1,121) =16.244,

P=0.000. A post hoc pairwise comparison using Bonferroni correction showed an increased

mean of occurrence of E. coli per 100ml scores between dry and rainy season (0.1066 vs

0.2623 respectively) and statistical significance with P-value<0.00. Therefore, the results for

the repeated-measure ANOVA indicated that, there was a significant time effect for the

occurrence of E. coli per 100ml (Table 10).
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Table 10: Pairwise Comparisons to observe effects of time on fecal coliform counts in
drinking water at the POU in food establishments (n=250)

Pairwise Comparisons

() ) Mean Std. Sig.P 95% Confidence Interval for
Time Time Difference (I- Error Difference®

J) Lower Bound  Upper Bound
1 2 -0.156" 0.039 0.000 -0.232 -0.079
2 1 0.156" 0.039 0.000 0.079 0.232

Based on estimated marginal means
*. The mean difference is significant at the 0.05 level.
b. Adjustment for multiple comparisons: Bonferroni.

4.2. Determinants of sanitation and hygiene status among food establishments in Addis
Ababa, Ethiopia

4.2.1. Socio-demographic characteristics of food establishment managers

The study assessed a total of 413 licensed food establishments. Which includes: 7.7% hotels
with one or more stars, 13.3% non-star hotels, 27.1% bar and restaurants, 7% cafe and
restaurants, 38% restaurants, 2.2% groceries and 4.6% cafe and others. However, only 28.1%
of the food establishments had renewed license. Of the total observed food establishments,
92.3% of these were small food establishments. The mean year of service of the food
establishments was 6.98 years’ ranges from 1- 22 years. Out of the 420 managers representing
those food establishments, 413 were participated in the study with a response rate of 98.33%.
From the total participated managers of the food establishments, (62.5%) of them were male.
Two-third of the managers, (66.3%) was found to be above age group of 39 years. The age of
participants representing the food establishments ranges from 21-78 years with a mean age of
45.2 years. Nearly all (94.9%) of the food establishment managers were found to have ability
at least reading and writing. However, only 31.2% and 32.7% of the food establishment
managers and food handlers took training about sanitation and hygiene in the past one year
respectively. Further, only (27.6%) of the managers owned the food establishment building
(Table 11).
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Table 11: Socio-demographic characteristics of food establishment managers (n=413)

Study variables Category Frequency Percent (%) Mean Standard
deviation
Sex of managers Male 258 62.5
Female 155 37.5
Age group of managers < 25 years 11 2.7 453 11.34
25-29 years 14 3.4
30-34 years 53 12.8
35-39 years 61 14.8
>39 years 274 66.3
Educational  status  of llliterate 21 51
managers At least read and 392 94.9
write
Trained managers about Yes 129 31.2
hygiene and sanitation in  No 284 68.8
the past one year
Trained food handlers Yes 135 32.7
about hygiene and No 278 67.3
sanitation in the past one
year
Ownership  of food Private 114 27.6
establishment building Rent 299 72.4
Service year of food <5 years 165 40.0 8.26 16.043
establishments 5-9 years 155 37.5
10-14 years 58 14.0
15-19 years 23 5.6
>19 years 12 2.9
Renewed license by Yes 116 28.1
authorized body No 297 71.9
Type of food establishment One star and above 32 7.7
managers owned hotels
Non-star hotels 55 13.3
Bar and restaurant 112 27.1
Cafe and restaurant 29 7.0
Restaurant 157 38.0
Grocery 9 2.2
Cafe and others 19 4.6
Type of food Small 381 92.3
establishments Large 32 7.7
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4.2.2. Sanitation and hygiene status of food establishments

In this study, the researcher assessed the overall sanitation and hygiene condition of the
food establishments. The percentages mean score of availability of sanitation and hygiene
facility questions was found to be 70.1% +20.19. Moreover, the mean of correct answer
questions to sanitation and hygiene status of food establishments was found to be 16.8.
However, based on the cutoff point, only 42.6% of food establishments had good sanitation
and hygiene status. Above three-forth (83.3%) of managers of the food establishments faced
bureaucratic function to obtain permission from the authorized body to renew the food
establishment buildings. Most of the food establishments (98.1%) source of the drinking
water was municipality. Further, 91% of the food establishments had private piped water.
However, only 28.3% of the food establishments were received continuous piped drinking
water supply. 90.8% of those had disinfectants for washing water storage equipment. Two-
third (65.6%) of the food establishments had three dishwashing systems which assisted to
reduce contamination and food borne disease. However, only 38.4% of the food
establishments had a functional shower facility. Nearly all (93.7%) and above three-fourth
(77.7%) of the food establishments had a functional toilet and a functional refrigerator
respectively. Moreover, 87.2% and 93.5% of the food establishments had a functional hand
washing facility near the toilet and a separated kitchen respectively. Meanwhile, 45.8% of the
food establishments had not a running tap water for food preparation and equipment washing
in the kitchen. In addition, 48.4% of the food establishments had not at least ten-meter
horizontal distance between toilet and kitchen.

Of the assessed food establishments, 83.8%, 79.2% and 97.8% had an inspection by
regulatory body at least within a month, a septic tank for liquid waste and a temporary solid
waste storage container /receptacles respectively. Further, 66.1% of the food establishments
had practice of segregation of combustible and non-combustible solid wastes. Though 65.4%
of the food handlers had personal protective devices like white gown and hair protective cloth,
only 21.1% of the food handlers had health examination certificate at least within the past
three month prior to the study. Moreover, only 38.3% of the food handlers had a dressing
room. From the observed food establishments, 66.1% and 69.7% of these had storage room
for non-perishable food items and adequate ventilation respectively (Table 12).
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Table 12: Availability of sanitation and hygiene facilities among food establishments (n=413)

No Criteria for sanitation and hygiene status of food establishments Answers % (n)

Present Absent

1. Absence of bureaucratic function to obtain permission from authorized body 16.7(69)  83.3(344)
to renew food establishment buildings

2. Source of the drinking water from municipality 98.1(405) 1.9(8)

3. Private piped water in food establishments 91(376) 9(37)

4. Continuous piped drinking water supply in food establishments 28.3(117) 71.7(296)
5. Disinfectants for washing water storage equipment in food establishments 90.8(375) 9.2(38)

6. Three dishwashing systems in food establishments 65.6(271) 34.4(142)
7. Functional shower facility in food establishments 38.7(160) 61.3(253)
8. Functional refrigerator in food establishments 77.7(321) 22.3(92)
9. Functional toilet in food establishments 93.7(387) 6.3(26)
10 Functional hand-washing facility near toilet in food establishments 87.2(360) 12.8(53)
11 Soap near hand washing facility in food establishments 72.6(300) 27.4 (113)
12 Separate kitchen in the food establishments 93.5(386) 6.5(27)
13 Running tap water for food preparation and equipment washing in kitchen 45.8(189) 54.2(224)
14 At least ten-meter distance between toilet and kitchen 51.6(213) 48.4(200)
15 Inspection by regulatory body at least within a month 83.8(346) 16.2(67)
16 Septic tank for liquid waste 79.2(327) 20.8(86)
17 Presence of temporary solid waste storage containers in the food 97.8(404) 2.2(9)

establishments
18 Solid wastes taken from the food establishments containers within 7 days 85.5(353) 14.5(60)
19 Practice of segregation of combustible and non- combustible solid wastes 66.1(273) 33.9(140)
20 Food handlers having health examination certificate at least within the past 78.9(326) 21.1(87)
three month
21 Personal protective devices during the time of this questionnaire filled (white 65.4(270) 34.6(143)
gown, hair protective cloth)

22 Dressing room to food handlers 38.3(158) 61.7(255)
23 Storage room for non-perishable foods 66.1(273) 33.9(140)
24 Adequate ventilation 69.7(288) 30.3(125)

70.1%+20.19
Percentages mean score of correct answer to availability of sanitation and
hygiene facilities

58



4.2.3. Determinants of hygiene and sanitation status among food establishments

In the binary logistic regression analysis, six (6) predictor variables: Educational status of
managers, presence of trained managers about sanitation and hygiene, presence of trained
food handlers, presence of renewed license, absence of bureaucratic function to obtain
permission from the authorized body to renew the food establishment buildings, presence of
at least ten-meter horizontal distance between toilet and kitchen were significantly associated
(P-value <0.028) at 95%CI with sanitation and hygiene status of the food establishments. To
control confounders, the six significant explanatory variables were fitted to the condensed
model of multivariable analysis. However, in the multivariable analysis only four (4)
explanatory variables including: presence of trained managers, presence of renewed licenses,
absence of bureaucratic to obtain permission to renew the food establishments, presence of at
least ten-meter horizontal distance between toilet and kitchen were significantly associated (P-
value < 0.022 at 95% CI) with sanitation and hygiene status. The final condensed model of
multivariable analysis was conducted to identify the explanatory variables of sanitary

condition of the food establishments.

Accordingly, food establishments which owned trained managers about sanitation and
hygiene had 6.10 times higher to have good sanitation and hygienic condition when compared
to food establishmentswhich had not (AOR=6.10, with 95%CI: 2.41-15.45). Further, food
establishments which have renewed license by authorized body were 3.07 times more likely
to be in good sanitation and hygiene condition than those which were not renewed their
license (AOR = 3.07 with 95%ClI: 1.18-7.99). On the other hand, food establishments which
had not faced bureaucratic function to obtain permission from the authorized body for renewal
of the food establishment buildings were 2.43 times more likely to be in good sanitation and
hygiene condition than those which were faced bureaucratic function (AOR = 2.43 with
95%Cl: 1.25-4.70). Besides, food establishments which had at least ten-meter horizontal
distance between toilet and kitchen were 9.19 times more likely to be in good sanitary
condition compared to those which had not (AOR = 9.19 with 95% CI: 5.63-15.02) (Table
13).
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Table 13: Multivariable logistic regression analysis of determinants of sanitation and

hygiene status among food establishments (n=413)

Study variables Sanitation
status
Good Poor
Trained managers about Yes 76 53
sanitation and hygiene inthe  No 100 184
past one year
Renewed license by Yes 67 49
authorized body No 109 188
Absence of bureaucratic to Yes 157 187
obtain permission to renew  No 19 50

the food establishments
At least ten-meter distance Present 139 74
between toilet and kitchen Absent 37 163

COR with 95% AOR with 95%ClI
Cl

2.64 (1.72-4.04)  6.10(2.41-15.45)

1.00 1.00
2.36 (1.52-3.65)  3.07(1.18-7.99)
1.00 1.00
1.00 1.00

2.21(1.25-3.90)  2.43(1.25-4.70)

8.28(5.25-13.04)  9.19(5.63-15.02)
1.00 1.00

4.3. Trichotomy of awareness, outlook and practice of food handlers towards food and

water safety in food establishments in Addis Ababa, Ethiopia

4.3.1. Socio-demographic characteristics of the food handlers

Out of the 420 food handlers 416 were consented to this study providing 99.1% response

rate. There were 76.9% female and 23.1% male respondents. Above half of the respondents

were in the age group of 18-22 years old (51.7.1%) followed by the age group of greater than

27 years old (25%). The mean age of the respondents was 24.93 years. More than, three-

fourth or (76%) of the food handlers had ability of at least reading and writing while 24% of

them were illiterate. Nearly all (93%) of the food handlers were single and 5% of them were

married. Regarding religion, most of the participants (82.5%) were Orthodox Christians

followed by Muslim (11.1%) and other religions (6.5%). The average length of food handlers

work experience was found to be 2.46 years (Table 14).
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Table 14: Socio-demographic characteristics of the food handlers (n=416)

Study variables Category /Item Frequency Percent (%)
Sex of the food Male 96 23.1
handlers Female 320 76.9
Age group of the food 18-22 years 215 51.7
handlers 23-27 years 97 23.3
>27 years 104 25.0
Educational status of Illiterate 100 24.0
the food handlers At least read and write 316 76.0
Marital status of the Single 387 93.0
food handlers Married 21 5.0
Divorced and others 8 1.9
Religion of the food Orthodox 343 82.5
handlers Muslim 46 11.1
Others 27 6.5
Work experience of the  Above three month and below 205 49.3
food handlers one year
Between 1-3 years 82 19.7
Above 3 years 129 31.0
Mean and standard deviation of the age 24.93£7.59

of the respondents
Mean and standard deviation of the work experience of  2.46+3.02
the respondents

4.3.2. Awareness of food handlers on food and drinking water safety

The finding of the study revealed that, the percentages mean score of awareness questions
was found to be 78.18. However, based on the cut off point, only 55.5% of the food handlers
had good awareness. In this study, 17.5% and 23.1% of respondents did not know about food
and water borne disease respectively. Majority of food-handlers in this study (86.8%) knew
contaminated food and water causes public health problem and 83.7% of them had awareness
about water contamination if it is not handled properly. Further, nearly 70% of the food
handlers had awareness about acute watery diarrhea. In addition, 63.5% and 62.3% of the
food handlers knew about Salmonella, hepatitis “A” virus as food and water borne pathogens
respectively; and 62% of them knew that bloody diarrhea is transmitted through food and
water borne pathogens. Further, 73.1% of the food handlers had awareness of typhoid fever as
it is transmitted by contaminated food and water. Of the total respondents, 66.6% of them
knew food and water could be easily contaminated at the point of use. Almost all of the
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respondents (95.7%) and (95%) knew mode of food and water borne diseases transmission

and prevention mechanisms respectively (Table 15).

Table 15: Awareness of food handlers on food and water safety (n=416)

No Questions or study variables

1. Do you know about food borne diseases?
Do you know about water borne diseases?

Do you know contaminated food and water causes public health
problem?
Do you know water can be contaminated if it is not handling properly?

Do you know about Acute watery diarrhea (AWD)?
Do you know Salmonella is a food and water borne pathogen?
Do you know hepatitis “A” virus is a food borne pathogen?

Do you know bloody diarrhea is transmitted by contaminated food and

water?

9. Do you know typhoid fever is transmitted by contaminated food and
water?

10 Do you know food and water can be easily contaminated at the point

of use or at food establishment?

w N

N o O &

11 What is the source of your awareness about food and water borne
diseases?
Health professionals....1 Radio and television...2 Formal
training...3 Posters...4 Sanitary inspectors...5 Absence of
training....6

12 What is the mode of transmission of food and water borne diseases?
Through contaminated water...1 Through contaminated food......... 2
Through contaminated hand....3 Through utilizing improved toilet....4
Dirty work environment......... 5

13  What is the prevention mechanism of food and water borne diseases?
Washing hand with soap and safe water before meal......... 1
Washing hand with soap and safe water after defecation ....2
Isolate sick food handler until he/she treated................... 3
Properly cooking food and safe water handling............... 4
Habit of eating raw beef and vegetables........... 6

Total percentage mean score of correct answer to awareness

Answers % (n)

Correct Incorrect
awareness  awareness
82.5(343) 17.5(73)
76.9(320) 23.1(96)
86.8(361) 13.2(55)
83.7(348) 16.3(68)
69.5(289) 30.5(127)
63.5(264) 36.5(152)
62.3(259) 37.7(157)
62.0(258) 38.0(158)
73.1(304) 26.9(112)
66.6(277) 33.4(139)
99.0(412) 14
95.7(398) 4.3(18)
95(395) 5(21)
78.18 £22.02
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4.3.3. Outlook of food handlers on food and drinking water safety

The result of the study indicated that, the percentages mean score of outlook questions
was 72.88. However, depending on the cutoff point, only 66.1% of the food handlers had
good outlook. Of the total participants, 71.9% of the food handlers had correct outlook about
using protective tidy clothes that it minimizes contamination of food and water. Further,
76.9% and 78.4% of the food handlers believed that, taking treatment is mandatory when food
handler is sick and washing hands should be obligatory before handling cooked food and
drinking water respectively. Moreover, 27.9%, 33.9% and 28.1% of the food handlers did not
believe that raw food should be separated from cooked food, treated water cannot be easily
contaminated if not properly stored at safe container and food and water borne diseases can

not arise from food establishments respectively (Table 16).

Table 16: Outlook of food handlers on food and drinking water safety (n=416)

Sr.no  Questions or study variables Answers % (n)
Correct Incorrect
outlook outlook

1. Do you believe using protective tidy clothes minimizes both 71.9(299) 28.1(117)

for food and water contamination at food establishment?

2. Do you believe taking treatment is mandatory when food 76.9(320) 23.1(96)

handler sick?

3. Do you believe washing hands should be obligatory before 78.4(326) 21.6(90)
holding food and touching drinking water?

4, Do you believe raw food should be separated from cooked 72.1(300) 27.9(116)

food?

5. Do you believe treated water can be easily contaminated if not 66.1(275) 33.9(141)
properly stored at safe container?

6. Do you believe food and water borne diseases can be arising 71.9(299) 28.1(117)
from food establishments?
Total percentage mean of correct answer to outlook 72.88 £35.50

4.3.4. Practice of food handlers on food and drinking water safety

The study result revealed that, the percentages mean score of practice questions was found
to be 67.48. But, based on the cut off point, only 60.6% of the food handlers had good or

proper hygiene practices. Of the total participants, 67.5% of them washed drinking water
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containers with sanitizers regularly. The action of putting food and drinking water in clean

containers had the highest score (91.3%) followed by regular washing of drinking water glass

(89.9%) with sanitizers. Further, 79.8% of the food handlers had a practice of washing hands

with soap and clean water before meal and after defecation. Out of the total participants,

75.5% of food handlers had a practice of washing food utensils with sanitizers and

disinfectants before serving with it. In addition, 71.2% of them used tidy clothes for cleaning

food utensils regularly. Of the total respondents, 82% washed their hands with soap and clean

water before holding cooked foods. In the study, only 39.4% of the food handlers had proper

practice of covering mouth with tidy cloth when they cough, whereas 32.79% cut their nail

when it becomes tall. Moreover, 75.7% of the food handlers reported that they did not wear

personal protective devices like white gown and gloves during the working time (Table 17).

Table 17: Practice of food handlers on food and drinking water safety (n=416)

Sr.no

10.

11.

Questions or study variables

Do you wash drinking water containers with sanitizing and
disinfectants regularly?

Do you wash drinking water glass with sanitizing and
disinfectants after every customer use it regularly?

Do you wash your hands with soap and clean water before meal
and after defecation?

Do you wash food utensils with sanitizing and disinfectants
before serving with it?

Do you use tidy clothes for cleaning food utensils regularly?

Do you wash your hands with soap and clean water before
holding cooked food?
Do you put food and drinking water in clean containers?

Do you cook food thoroughly before ready for consumption?
Do you cover your mouth with tidy clothe while you coughing?

Do you cut your nail when it becomes tall (short nail at the time
of interview?

Do you wear at least white gown or made glove during the work
days?

Total percentage mean percentage of correct answer to
practice

Answers%(n)
Proper Improper
practice practice
67.5(281) 32.5(135)
89.9(374) 10.1(42)
79.8 (332) 20.2(84)
75.5(314) 24.5(102)
71.2 (296) 28.8(120)
82.0 (341) 18.0(75)
91.3(380) 8.7(36)
88.7 (369) 11.3(47)
39.4(164) 60.6(252)
32.79(136) 67.3(280)
24.3(101)  75.7(315)
67.48 £22.65
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4.3.5. Linear Regression Analyses

In the Linear Regression analysis of this study, five predictor variables were identified to
test their impact on the obtained results. Moreover, one additional model (mean score
awareness of food handlers of this study) was testing its impact on food and water safety
practice and outlook (Table, 18, 19, 20).

4.3.6. Association between awareness mean score and explanatory variables

As shown below in table 18, associations between awareness mean score and sex, age,
educational status, marital status and work experience of food handlers exists. Except sex and
age, all the independent (educational status, marital status/being married and work experience
of food handlers) variables had significant relationship (P-value < 0.02) with the dependent
variable (awareness). The predictor variables (Educational status and length of work
experience) of the food handlers had a significant positive correlation with awareness. Beta
(B) is significant (p = 0.00) for the first predictor and (P = 0.02) for the second predictor.
However, being married was significantly negatively correlated with awareness. Beta (B) is
significant (P = 0.00) for being married. This indicated that, the effect of increased
educational status had increased the awareness of the respondents on average by 0.39 or by
3.9%. Similarly, the expected awareness of food handles increased on the average by 0.11 or
by 1.1% due to increased length of work experience as food handler. However, being married
decreased the awareness of the food handlers by 0.16 or by 1.6% (Table 18).
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Table 18: Association of awareness mean score with the predictable variables using
Linear Regression Model (n=416)

Predictor/ Percentage of Awareness mean score of the food handlers
independent Standardized F df Std. T P-value 95%  Confidence
variables Coefficient error Interval (CI)

(Beta) Lower Upper

Bound Bound

Sex 0.02 0.13 1 004 0353 0.72 -4.137 5.95
Age -0.04 0.57 1 014 -0.75 045 -0.39 0.17
Education 0.39 76.16 1 233 873 0.00 15.72 24.86
Marital status -0.16 1030 1 3.09 -3.21 0.00 -15.98 -3.84
Length of work 0.11 5.12 1 036 226 0.02 0.11 1.50

experience

4.3.7. Effect of food and water safety awareness on food and water safety practice

The result of the study showed that, food and water safety awareness had a significant effect
on food and water safety practices. The linear regression analysis established that food and
water safety awareness could statistically predict food and water safety practices (F = 183.53;
df = 1; P = 0.00) with Standardized Coefficient (Beta) = 0.55 at 95% CI (Table 19).

Table 19: Effect of awareness on food and water safety practice using a Linear
Regression Model (n=416)

Predictor/ Practice
independent variables Standardize F Df Std. T Pvalue 95% CI
d error Lower  Upper
Coefficient Bound Boun
(Beta) d
Awareness mean 0.55 18353 1 0.04 1355 0.00 0.49 0.65
score

4.3.8. Effect of food and water safety awareness on food and water safety outlook

The finding of the study revealed that, food and water safety awareness had a significant
effect on food and water safety outlook. The linear regression analysis indicated that, food
and water safety awareness could statistically predict food and water safety outlook (F =
252.5; df = 1; P = 0.00) with Standardized Coefficient (Beta) = 0.62 at 95% CI (Table 20).
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Table 20: Effect of awareness on food and water safety outlook using a Linear
Regression Model (n=416)

Predictor/ Outlook

independent Standardized F df Std. T P value 95% ClI

variables Coefficient error Lower Upper
(Beta) Bound Bound

Awareness 0.62 25249 1 0.06 15.89 0.00 0.87 1.12

mean score

4.4. Diarrheal disease and associated behavioural factors among food
handlers in Addis Ababa, Ethiopia

4.4.1. Socio-demographic characteristics of the food handlers

A total of 1,050 food handlers participated in the study with a response rate of 99.2%. In
the current study, 77% of the participants were female. Of the total participants, 43.4% and
28.7% were between the age group of 18 to 22 and 23 to 27 years old respectively. The mean
age of the respondents was 25.695 years. 82.7% of the food handlers had the ability to read
and write, while 17.3% were illiterate. The majority of the participants (81.2%) were single.
Of the total respondents, 73% of participants were Orthodox Christians and 13.1% were
Muslims. Regarding work experience, 46.3% and 35.3% of the respondents had 1 to 5 years
and <1 year of work experience as food handlers respectively. Furthermore, 17.8% of the
food handlers had above 5 years of work experience as food handlers. The average length of
food handlers work experience was found to be 3.34 years (Table 21).
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Table 21: Socio-demographic characteristics of the food handlers (n = 1050)

Study variables Category Frequency Percent

Sex of the food handlers Male 242 23.0
Female 808 77.0

Age group of the food handlers 18-22 years 456 43.4
23-27 years 301 28.7
28-32 years 127 12.1
>32 years 166 15.8

Mean age of the food handles 25.695 years with SD of £7.576

Minimum age of the food handlers 18.00 years

Maximum age of the participants 65.00 years

Educational status of the food handlers Iliterate 182 17.3
At least read and write 868 82.7

Marital status of the food handlers Single 853 81.2
Married 180 17.1
Divorced and others 17 1.6

Religion of the food handlers Orthodox 766 73.0
Muslim 138 13.1
Others 146 13.9

Work experience of the food handlers <1 year 371 35.3
1to 5years 492 46.9
>5 years 187 17.8

Mean work experience of the food 3.34 years with SD of £3.37 years
handlers

4.4.2. Food handlers work profile, medical checkup practice and training situation

The study found 45.1% and 44% of the food handlers’ role was cooking and serving as
waiters respectively. Of the total participants, 85% and 15% of the food handlers live and
sleep in their home and at the food establishments respectively. More than half (57.4%) of the
food handlers had no medical checkup or health examination certificate within the past three
months prior to the study. From the total respondents, 61.3% of the food handlers reported
that there was a mechanism of isolation for sick food handlers from the workplace. However,
a greater number of food handlers (83.1%) had no training on food and water safety at least
once in the past year prior to the study (Table 22).
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Table 22: Food handlers work profile, medical checkup practice and training situation
(n =1050)

Study variables Category Frequency Percent
Role of food handlers in the food Cook 474 45.1
establishment Waiter 462 44.0
Both cooker and waiter 114 10.9
Place of food handlers living and At the food establishment 158 15.0
sleeping At her/his home 892 85.0
Type of employee in the food Permanent 177 16.9
establishment Temporary 873 83.1
Medical checkup or health examination Yes 447 42.6
certificate at least within every three No 603 57.4
month
Isolation of sick food handlers from the Yes 644 61.3
work place when food handler is ill No 406 38.7
Training of food handles on food and Yes 177 16.9
water safety at least once in a year No 873 83.1

4.4.3. Type of disease symptom and morbidity among the food handlers

Out of the 1,050 food handlers, 36 had diarrhea two-week before the interview or a
prevalence of 3.4%. Further, from the total participants, 17 (1.6%) of the food handlers had
Acute Watery Diarrhea confirmed by a laboratory in the past year prior to this study.
Moreover, 10.5%, 10.7% and 9% of the food handlers had a cough, infection or runny nose
(influenza) and the incidence of fever within the past two weeks prior to this study
respectively (Table 23).
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Table 23: Type of disease symptom and morbidity among the food handlers(n = 1050)

Study variables Category  Frequency  Percent
(%)
Diarrheal diseases within the past two weeks prior to Yes 36 3.4
this study No 1014 96.6
Acute Watery Diarrhea (AWD) confirmed by Yes 17 1.6
laboratory for the past one year prior to this study No 1033 98.4
Cough within the past two weeks prior to this study Yes 110 10.5
No 940 89.5
An infection of runny nose within the past two weeks Yes 112 10.7
prior to this study No 938 89.3
Incidence of any fever within the past two weeks Yes 95 9.0
prior to this study No 955 91.0

4.4.4. Factors that may be contribute to diarrheal diseases among food handlers

Of the total participants, 94.5% and 93.8% washed their hands regularly after using the
toilet and before meal respectively. However, 39% of the respondents used the toilet wearing
protective clothes/gown. Additionally, 81.9% of the food handlers washed their hands
immediately after handling raw foods. Further, 91.6% and 92% of the participants regularly
closed their drinking water container to prevent contamination, and regularly washed their
drinking water container and utensils with sanitizers and disinfectants. Almost all (96.7%) of
the participants were washed glasses or the materials used for drinking water at every event.
Also, 82.3% of the respondents put cooked foods separately from raw foods. Although 91.1%
of the respondents did not use the same chopping block and knife during processing raw food
and cooked food, 24.1% of the participants had habits of eating raw beef and raw vegetables.
The food handlers reported that 89% of them ate a meal regularly in the food establishments.
However, only 33.3% of the participants used proper waste disposal methods. Further, 62.5%
of the respondents utilized unimproved or traditional toilets (Table 24).
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Table 24: Factors that may be contribute to diarrheal diseases among the food

handlers(n = 1050)

Study variables Category Frequency Percent
Regular hands washing after toilet used Yes 992 94.5
(defecation) No 58 55
Washing hands before meal regularly Yes 985 93.8
No 65 6.2
Used toilet while wearing protective Yes 409 39.0
clothes/gown No 641 61.0
Hand washing immediately after handling  Yes 860 81.9
raw foods No 190 18.1
Take precaution/close drinking water Yes 962 91.6
container regularly No 88 8.4
Washing drinking water container and Yes 966 92.0
food service utensils with sanitizers and No 84 8.0
disinfectants regularly
Washing glass or the material used for Yes 1015 96.7
drink water every event with safe water No 35 3.3
Put cooked foods separately from raw Yes 864 82.3
foods No 186 17.7
Habit of eating raw Beef and raw Yes 253 24.1
vegetables No 797 75.9
Used the same chopping block and knife Yes 93 8.9
during the time of processing raw food No 957 91.1
and cooked food
Feed regularly in the food establishment Yes 935 89.0
No 115 11.0
Type of food establishment that the food One and above one star Hotel 86 8.2
handlers work Non star Hotel 69 6.6
Bar and restaurant 194 18.5
Cafe and restaurant 76 7.2
Restaurant 424 40.4
Cafe and others 201 19.1
Used proper waste disposal methods( Yes 350 33.3
pedal dust bin, septic tank) No 700 66.7
Type of toilet most of the time used by Unimproved or traditional 656 62.5
food handlers toilet
Improved toilet 394 37.5
Presence of sanitary inspection by Yes 865 82.4
authorized  bodies in the food No 185 17.6
establishment
Type of the establishment in size the food Small food establishment 964 91.8
handlers work Big food establishment 86 8.2
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4.4.5. Behavioral factors associated with diarrhea

In the binary logistic regression analysis, thirteen (13) explanatory variables like
educational level of food handlers, regular hand washing after toilet used (defecation), regular
hand washing before meal, used toilet with wearing protective clothes/gown, regular hand
washing immediately after holding raw foods, closing drinking water container regularly,
washing drinking water container with safe water and food service utensils with sanitizers and
disinfectants, washing glass or the material used for drink water every event, separation of
cooked foods from raw foods, habit of eaten raw beef and raw vegetables, used the same
chopping block and knife during the time of processing raw food and cooked foods, type of
toilet most of the time used by food handlers and presence of sanitary inspection by
authorized bodies in the food establishment were significant associated (P-value < 0.028) with
diarrheal disease in the past two weeks prior to this study. However, only five (5) predictor
variables including: regular hand washing after toilet used (defecation), toilet use while
wearing protective clothes/gown, washing glass or the material used for drink water every
event, habit of eating raw beef and raw vegetables and type of toilet used by food handlers
were appeared in the final condensed model of the multivariable analysis with P-value < 0.05
(Table 25).

Table 25: Multivariate logistic regression analysis of diarrheal disease with selected
explanatory variables among the food handlers (n=1050)

Study variables Diarrhea AOR with 95%ClI
Yes NO B Wald P-Value

Regular hand washing Yes 9 983 —2.029 5.496 0.019 0.13(0.024-0.72)

after .t0|let used or No 27 31 Reference

defecation

Used toilet while wearing Yes 28 381 1.684  7.283 0.007 5.39(1.59-18.32)

protective clothes/gown No 8 633 Reference

Washing glass or the Yes 11 1004 —4.724 15532  0.000 0.009(0.001-0.093)

material used for drink Ng 25 10 Reference

water every event with

safe water

Habit of eating raw Beef Yes 30 223 1.836  9.010 0.003 6.27(1.89-20.78)

and raw vegetables No 6 791 Reference

Improved or water flush Yes 7 387 1.405  4.079 0.043 Reference

Toilet used by food No 29 627 4.07(0.29-6.67)

handler
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Chapter 5
DISCUSSIONS
In this section the results of the research activities were catigorized in to four major parts.

These includes:

» Longitudinal study of microbial load of drinking water and seasonal variation of water
quality at the point of use in food establishments.

» Determinants of sanitation and hygiene status of food establishments.

» Trichotomy of awareness, outlook and practice of food handlers towards food and
water safety in food establishments.

» Diarrheal disease and associated behavioural factors among food handlers.

In the first part, the results of the drinking water at the point of use (POU) in food
establishments was discussed as it was found to be wvulnerable to microbiological
contamination and imposed different health risks to consumers. Moreover, the second and
third part of the findings of the study were discussed as of the food establishments and food
handlers were owned and practiced in a condition of poor sanitation and hygiene status
respectively. Finally, the fourth part of the study finding was discussed about the health status
of food handlers as many of food handlers had diarrheal disease though they were expected to
be free from health problems. Because, served by healthy food handlers is a vital activity to
reduce community health problems as food handlers can transfer different causative agents to

their customers.

5.1. Longitudinal study of Microbial load of drinking water and seasonal variation of
water quality at the POU in food establishments of Addis Ababa

The results of the longitudinal study showed that, the occurrence of fecal coliforms and /or
E. coli, were identified throughout the study period. Though WHO 2004 drinking water
quality standard specify 0 CFU/100 ml as the limit for fecal coliforms and /or E. coli in
potable water, the mean values of the fecal coliforms and /or E. coli in this study were above
the acceptable level for drinking water that is required for human use and consumption. The
results of the study showed that, the drinking water at the point of use (POU) in food
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establishments was vulnerable to microbiological contamination and imposed serious health
risks to consumers of such kind of water. This could be due to poor handling practice of the
drinking water at the food establishments level. Moreover, multiple research shows that the
causes could be due to the leakage of water supply pipelines, pollutions from sewage lines
entered into drinking water supplies (Point-of Entry-POE), at the food establishment level
(Daud et al., 2017). Moreover, in this study, the source of drinking watr contamination for the
water quality in the food establishments could be from the source, distribution system and
handling practice. The quality of the drinking water at the point of use in food establishments
differs between the dry and rainy seasons; higher fecal coliforms and/or E. coli were observed
during the rainy season. The occurrence of fecal coli forms during the rainy season in the
presumptive test (32.8%) was two time higher when compared to the occurrence of thermo
tolerant or fecal coli form during the dry season (16.4%). Moreover, in the confirmatory test,
26.4% of the food establishments drinking water had occurrence of E. coli in the rainy season.
Which was greater than two times as compared to occurrence of E. coli in the dry season
(10.7%). These results indicated that, time variation had an impact on the drinking water
quality of the food establishments. This could be due to effect of flooding that can cause water
contamination through leakages during the wet season. Moreover, the effluents of wastes

from different toilets can be the cause.

Out of the total of 247 drinking water samples, 46 (18.6%) of them did not comply with the
WHO drinking water standards (World Health Organization, 2006, 2008). The
microorganisms might have found their way into the drinking water through anthropogenic
actions and represent potential threats to human health, causing diseases such as acute
gastroenteritis, water borne diarrheal disease, and other infections (Figueras and Borrego,
2010). The finding of the study revealed that, the highest health risk to customers that might
arise from the occurrence of pathogenic microorganisms in the drinking water of the food
establishments (3.2%) was found to be in the rainy season. The possible causes can be the
suitability of air humidity or an air which enhanced growth of microbes, cross contamination
and poor practice of sanitation in the rainy season. Moreover, the cause can be due to the poor
sanitation system installation, absence of drinking water treatment at food establishments, and
lack of continuous monitoring and evaluation of drinking water quality (Daud et al., 2017).
The higher number of coli forms in the wet season could be due to poor practice of washing
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drinking water reservoirs and utilization of disinfectants to reduce contamination during this
season. Moreover, utilization of unimproved source, a probably of contamination of the
drinking water by vendors in their off premises, during storage and handling can be the cause
(Kirianki et al., 2017, AL-Dulaimi and Younes, 2017, Bain et al., 2014b).

5.2. Determinants of sanitation and hygiene status among food establishments of Addis
Ababa

The findings of the study revealed that, above half (57.4%), of the food establishments
were in a condition of poor sanitation and hygiene status. The major reasons might be the
presence of bureaucratic function from the authorized body to renew the food establishment
buildings, absence of continuous piped drinking water supply, absence of functional shower
facility and poor liquid and solid waste management practice. Especially, absence of
continuous piped drinking water supply could be the leading cause to poor sanitation and
hygiene status. Moreover, it might be a main factor to foster food borne disease in the city.
The finding of the current study is lower than a study conducted in Bahirdar town. In this
study, 78.7% of food establishments had not good sanitation and hygiene (Kibret and Abera,
2012). However, even though time varation, the current study is higher than a study
conducted in the Mekelle town, Tigray, north Ethiopia in which only 17.1% of the food
establishments had good sanitary status (Kumie and Zeru, 2007). This difference might be due
to the rapid development and urbanization in the capital city in addition to socio-economic
status of the research areas. In the study, presence of trained food establishment managers on
sanitation and hygiene, presence of renewed license, absence of bureaucratic of housing
regulation law to renew the food establishments, presence of at least ten-meter horizontal
distance between toilet and kitchen were significantly associated predictor variables (P-value
<0.028 at 95%CI) with sanitation and hygiene status. The finding of the study indicated that,
the proportion of food establishments that had a renewed formal license certificate were
28.1%. The main reason could be due to ineffective effort of authorized health inspectors
(concerned regulatory bodies) and absence of strong law and rule of the trade and industry of
the city. Moreover, involuntariness of food establishment managers to renew their license
might a second factor. However, the observed food establishments that renewed their license
certificate have improved sanitation status compared to these, which had not. The finding
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revealed that, only 31.2% and 32.7% of the food establishment managers and food handlers
took training about sanitation and hygiene in the past one year respectively. Though presence
of trained food handlers and managers can reduce food borne disease and enhanced sanitation
and hygiene practice of food establishments (Boro et al., 2015b). The result of the the study
indicated that, a significant number of food handlers and managers had no received training.
This indicated that, there is a gap in creation of awareness and attention provision by the
Government and concerned bodies to combat food borne disease. Further, the finding of this
study revealed that, food establishments with managers, who took training on sanitation and
hygiene were 6.10 times higher to have good sanitation and hygiene status when compared to
their counter parts (AOR=6.10 with 95%CI:2.41-15.45). Many studies indicated that,
knowledge and training of managers and staffs on sanitation and hygiene have a direct
relationship on the overall sanitation and hygiene improvement of food establishments
(Meleko et al., 2015a, Fawzi et al., 2009). This revealed that, gaining knowledge through
training had a positive effect on ensuring sanitation and hygienic condition of food
establishments and food safety practices thereby reduce food borne illness. This is supported
by a study conducted by Hedberg et al: 2006 which stated that, managers who took food
hygiene and sanitation training were associated with a reduced risk for food borne illness
(Hedberg et al., 2006). Moreover, different studies showed that managers' knowledge and
training about hygiene and sanitation have a direct influence on the sanitation and hygiene
condition of food establishments. They play a paramount role by ensuring availability and
cleanliness of sanitary facilities, proper waste management and food safety practices (Kibret
and Abera, 2012, Olumakaiye and Bakare, 2013).

In the study, the odds of food establishments which have renewed license were 3.07 times
higher to have good sanitation and hygiene status than the odds of those which had not
(AOR=3.07 with 95%CI:1.18-7.99). This could be due to the role of inspection by the
regulatory body since food establishment license is renewed after conducted firm regulatory
inspection. However, opposite to this study, a study done in Adwa town states that, licensing
had no significant association with sanitary status (Gebremariam et al., 2019). This might be
due to the difference in the level of awareness creation and economic status of the cities. The
odds of food establishments which had not received bureaucratic function to obtain
permission from the authorized body to renew the food establishment buildings were 2.43
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times higher to have good sanitation and hygiene status than the odds of those which had
obtained (AOR=2.43 with 95%CI:1.25-4.70). This indicated that, to renew the food
establishment buildings, the presence of bureaucratic function to obtain permission from the
authorized body created an influence on the sanitation and hygiene of the food establishments.
However, suitable formal permission to renew the food establishments without bureaucratic
could be a basic instrument to improve the sanitation and hygiene status of the food
establishments although this needs additional studies. The study also revealed that, the odds of
food establishments with more than 10-meter distance between their toilet and kitchen had
9.19 times higher to have good sanitation and hygienic condition than the odds of those with
10 meter or less (AOR = 9.19, at 95% CI: 5.63 -15.02). This indicates that, distance between
toilet and kitchen might a core determinant factor that influences sanitation and hygiene of
food establishments. Moreover, adequate distance between toilet and kitchen can prevent

cross contamination and reduced food borne disease.

5.3.  Trichotomy of awareness, outlook and practice of food handlers towards food
and water safety in food establishments of Addis Ababa

In this study, 17.5% and 23.1% of respondents did not know about food and water borne
diseases respectively. The higher lack of awareness about food and water borne diseases
could be due to the lack of formal and informal training. Moreover, most of the food
establishment managers and owners of food establishments hired food handlers who come
from rural part of the country, where they did not have any experience and awareness
regarding food and water borne disease. The finding of the study revealed that, 27.9% of the
food handlers did not consider separation of raw food and cooked food important and 33.9%
thought that treated water could not be easily contaminated at the food establishment level.
This indicated that, there is poor outlook on the causes of cross contamination, which could
arise due to keeping cooked and raw food together. As a result of this, many customers can be
exposed to different health problems. Moreover, even they believe the drinking water comes
from secured and treated water supply, it can be a source of many water borne diseases if it is
not stored properly in clean places. The study revealed that, only 39.4% and 32.79% of the
food handlers had proper practice of covering mouth with tidy cloth while coughing and cut
their nail when it becomes tall respectively. This indicated that, most of the food handlers did
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not have good practice to reduce communicable disease that can be transferred through
droplets and sneezing. As a result of this, many customers of food outlets might be exposed to
different health problems. Moreover, their tall nail can accumulate various diseases causing
agents and can be a reason of disease outbreaks among them and their customers. In addition,
75.7% of the food handlers reported that they did not wear personal protective devices like
white gown and gloves during the working time. This indicated that, there was negligence to
hygiene and sanitation practice both by the food handlers and by the owners of the outlets.

In this study, 78.2% of the food handlers had a mean percentage score of awareness on
food and water safety. This was consistent with the study done in Nigerian food handlers
(Aluh and Aluh, 2017). This might be due to similarity of economic status and educational
provision. However, the finding was lower than a study done in Salvador, Brazil (Reboucas
et al., 2017). This can be due to differences in development and attention given to food and
water safety. The World Health Organization recommends that food handlers should have
enough awareness to protect food from all kinds of contamination (Asmawi et al., 2018).
However, the study result indicated that, only 55.5% of the respondents had good awareness.
This could be due to lack of formal training and strong attention on food and water borne
diseases by the concerned bodies. The finding of the study indicated that, the level of food
handlers’ percentage mean score of practices was 67.48%. This was higher when compared
to a study done in Malaysia (Lee et al., 2017). Furthermore, in this finding, 60.6% of the food
handlers had proper practice. However, this result was lower than the study done in Brazil
(Souza et al., 2018). This could be due to low attention of Government and other stakeholders
in creating strong regulatory body and awareness among the food handlers in Addis Ababa.
Moreover, the second probable reasons for the differences might be due to differences in

socio-demographic status and environmental factors.

The result of the study revealed that, of the explanatory variables sex and age had not
significant association with awareness. This indicates that, if once a person is an adult, age
might not be important influencing factor on awareness. Because once a person reaches
adulthood, the subsequent awareness acquiring solely depends on formal and non-formal
education, experience and other personal efforts. On the contrary, others claimed presence of
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significant associations (P < 0.05) between age and awareness of food safety (Moreb et al.,
2017). This result needs future research to obtain additional evidence.

In the study, educational status of food handlers was significantly and positively
associated with food and water safety awareness (P<0.00). The finding of this study revealed
that, 76.0% of the participants with the ability of at least to read and write had a higher level
of awareness of food and water safety. This is supported with research outcomes (Sibanyoni
et al., 2017, Abdul-Mutalib et al., 2012). Similarly, in the study, length of work experience as
food handlers was positively and significantly associated (P=.02) with awareness. This result
was consistent with the study done in Salvador, Brazil (Reboucas et al., 2017). However, in
the study, marital status or being married (P< 0.00) was negatively and significantly
associated with awareness of food handlers. This may need further study to obtain additional
information. Further, the linear regression model analysis indicated that, having awareness on
food and water safety (F = 252.49; df = 1; P = 0.00) with Standardized Coefficient (Beta) =
0.62 at 95% CI) correlates positively and significantly with having good outlook. This
indicated that, having good awareness had significant positive effect on outlook although it
needs further studies to obtain additional evidences.

5.4. Diarrheal disease and associated behavioural factors among food handlers

The aims of this study were to identify the prevalence of diarrheal disease and associated
behavioral factors among food handlers. The self-reported prevalence of diarrheal disease in
the two-weeks before the interview was 3.4%. This finding was lower than studies performed
in Ethiopia and Haiti (Abera et al., 2010, Llanes et al., 2016). This could be due to difference
in attention given to health status and environmental risk factors. However, this result was
consistent with a similar study conducted in Ireland (Scallan et al., 2005). This could be due
to presence of good awareness among the food handlers towards diarrheal diseases. Further,
this result was nearly consistent with a study conducted in South India where the prevalence
of diarrhea among food handlers was 5.52% (Mt et al., 2014). The slight difference might be
due to the presents of recurrent food and water borne diseases in Addis Ababa and made
alerted the food handlers about diarrheal diseases. From the total participants, 17 (1.6%) of
the food handlers had Acute Watery Diarrhea confirmed by laboratory testing in the past year
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prior to this study. Because, | did not found information from literature on the prevalence of
acute watery diarrhea among food handlers. Therefore, this result needs further research as it
is a major public health problem. Moreover, 10.5%, 10.7% and 9% of the food handlers had a
cough, infection or runny nose (influenza) or the incidence of fever within the past two weeks
prior to this study respectively. This indicates the health status of food handlers was poor

though they were expected to be healthy and not transmit any infection to customers.

This study revealed that food handlers who had washed their hands after defecation or
toilet use were 13% less likely to report diarrhea than those who did not report hand washing.
This finding was supported by a study from low and middle income countries (World Health
Organization, 2014b). As expected, this may be due to removal of pathogenic organisms
during proper hand washing after toilet use. Therefore, washing hands properly at the most
recommended times is the key preventive mechanism of diarrheal disease. Not only diarrheal
diseases but also, proper hand washing can prevent from Corona Virus-19 (COVID-19)
infection. However, food handlers who used toilet while wearing protective clothes/gown had
5.39 times higher risk of diarrheal disease (AOR = 5.39 with 95% CI; 1.59, 18.32) relative to
those who had not used the toilet while wearing personal protective device. This indicates
personal protective equipment can carry pathogenic organisms or might be vehicles although
no study reported this. Therefore, this needs future research to obtain additional information.
Moreover, the finding of the study revealed that food handlers who utilized washed glass or
the material used for drinking water had prevented risk of diarrhea by 0.9% times higher
(AOR = 0.009 with 95% CI: 0.001, 0.093) than those who did not. This indicates that, using
safe water-washed glass reduces the risk of diarrheal disease. The odds of having diarrheal
disease was 6.27 times higher among food handlers who had the habit of eating raw beef and
raw vegetables (AOR = 6.27 with 95% CI: 1.89-20.78) than those who did not. This finding
was supported by a 2017 study done in Bejing, China (Ma et al., 2014). Further, the odds of
having diarrheal disease was 4.07 times higher among those food handlers who used
unimproved/traditional pit toilet (AOR = 4.07 with 95%CI: 0.29-6.67) than those who used
improved or water flush toilet. Although in general the presence of a sanitary facility prevents
different communicable diseases (World Health Organization, 2014b), this result shows using

a traditional pit latrine had its own health impact on a community.
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5.5. LIMITATION OF THE STUDY

Although microbial contamination is the most and dominant determinant of health in
developing countries, chemical and physical properties of water have been using as indicator
of drinking water quality. However, due to their priority and budget constraints, this study
was measured the drinking water quality only with respect to microbial contaminants.
Therefore, not studying chemical and physical properties of drinking water is the main
limitation of this study. Moreover, due to lack of information on the number of food
establishments’in the new expanding area of the city, differentiating the water quality
condition between the new expanding area and the old part of the city was not possible though
the study try to include representative samples using stratification. So, this is another
limitation of this study. In addition, lack of assssing financial level of the food establishments

is also the limitation of the study. Besides, selection bias may be also a limitation of the study.
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Chapter 6
CONCLUSIONS AND RRCOMMNDATION

6.1. Conclusion

Drinking water at the point of use in food establishments was found to be vulnerable to
microbiological contamination and had serious health risks to consumers. The microbial load
of the drinking water at the POU in food establishments greatly differs between the dry and
rainy seasons. A significant number of food establishments’ drinking water had E. coli in the
rainy and dry seasons. However, the occurrences of fecal coliforms and/or E. coli were higher
during the rainy season. It was concluded that, there was a significant time effect for the
occurrence of fecal coli form and/or E. coli. The levels of selected indicator bacteria (fecal
coliforms and/or E. coli) exceeded the WHO recommended guidelines for drinking water.
Moreover, the finding of the longitudinal study revealed that, significant numbers of the food
establishments drinking water had high and very high health risk to customers both in the wet

and dry season.

Above average of the food establishments were found to be in poor sanitation and hygiene
state. Assessing sanitation and hygiene status of food establishments is an important activity
to curbed food borne diseases. In the finding, presence of trained managers, presence of
renewed licenses, absence of bureaucratic function to obtain permission from the authorized
body to renew the food establishment buildings, presence of at least ten-meter horizontal
distance between toilet and kitchen, absence of continuous piped drinking water supply,
absence of functional shower facility and poor liquid and solid waste management practice
were the main determinant factors that influence the sanitation and hygienic status of food
establishments. The study introduces core determinants useful for increasing community
awareness, financing in the water sanitation and hygiene (WASH) sector as well as enhancing
the capacity training programs in water sanitation and hygiene (WaSH), monitoring,
evaluation and learning (MEL) system among the food establishments, which have a
paramount importance for the sustainability of the sector.

Assessing awareness, outlook and practice of food handlers regarding food and water
safety is a vital activity to reduce public health problems. In this study, food and water safety

82



awareness had a significant effect on food and water safety practices of the food handlers.

Significant number of food handlers had poor awareness, outlook and practice towards food

and water safety. There is a call for enhance the awareness, outlook and practice of food and

water safety to achieve an excellent practice. To alleviate this, better food and water safety

policy and firm regulatory actions are needed.

The study also assessed the prevalence of diarrheal disease and identifies behavioral

factors associated with diarrhea. This assessment proved to be an essential activity for

reduction of community- acquired diarrheal diseases, as a significant number of food handlers

had diarrhea. Good sanitation, hygiene practice and a healthy lifestyle behavior can prevent

diarrhea. A strong political commitment with appropriate budgetary allocation is essential for

the control of diarrheal diseases and implementation of sanitation practices.

6.2. Recommendation

The researcher suggests that:

1.

There should be massive awareness creation mechanisms on food establishments’
drinking water management to curb outbreak of water borne diseases. Some of the
mechanisms could be on establishing enough and suitable selected monitoring
stations, secured drinking water storage and utilization of easily washable drinking
water storage materials bearing in mind the objective of drinkink water use.
Appropriate enforcement mechanisms like institutionalize independent regulatory
body assisted with strong law and rule to safeguard food and water safety should be
implemented effectively through the Government.

Good sanitation and proper drinking water handling should be appropriately practiced
in the food establishments.

Effective drinking water treatment such as disinfection and boiling as well as others
methods should be implemented at the food establishments’ level.

All concerned decision making bodies; in particular, the government should conduct
regular and continuous microbial drinking water monitoring, evaluation and learning
(MEL) practices to improve drinking water quality at the food establishments level.
Formal and informal training on sanitation and hygiene for managers of food

establishments should be provided to reduce the occurrence of food borne diseases.
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10.

11.

12.

13.

14.

15.

16.

Strong food and water safety policy and strategy should be properly implemented to
improve sanitation status of food establishments.

The Government should be allocating adequate and continuous water supply to the
food establishments to upgrade the sanitation and hygiene status; thereby enhance the
health of the residents.

The mangers/owners of the food establishments should provide attention to fulfill
hygienic facilities.

To explore additional determinants of sanitation and hygiene status among the food
establishments, further studies should be done in the study area by the government and
other concerned bodies to improve food safety practice.

Firm regulatory body assisted with law enforcement, guidelines and manuals should
be in place to upgrade awareness, outlook and practice of food handlers and make
food establishments adhere to the policy, strategy, guidelines and manuals
requirements.

Governmental and Non-Governmental organizations should conduct continuous
transformational information management system and capacity building through
formal training on food and water safety to food handlers and owners of food
establishments to reduce food and waterborne diseases in the community.

The government should focus on a comprehensive diarrheal disease control strategy
including improvement of water quality, hygiene behavior, and sanitation practices.
Current public health programs of the Addis Ababa city administration should develop
effective approaches to promote hand washing practice and creation of awareness.
Moreover, other interventions like education on healthy eating behaviors should be
strengthened to reduce the occurrence of diarrhea.

Improved interventions combined with formal training on food safety practice should
be strengthened to reduce occurrence of diarrhea among the food handlers and to
reduce health problems of their customers.

Routine inspections should be conducted by authorized bodies to enhance hygiene and
sanitation practices of food handlers and food establishments.
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6.3. Enhancement in knowledge and scientific contribution of the study
a) Scientific communities:

e Publications: The findings of the study were published for wider research and
scientific communities in internationally reputable journals of Environmental Health
Insights, AIMS Public Health, indexed in major journals data base systems and serve
as references to many scholars.

b) Advancement in Knowledge:

e Knowledge inputs: The study ascertains additional inputs for declarative, procedural,
contextual, and somatic parts of knowledge that the microbial load of the drinking
water at the Point of Use (POU) in food establishments significantly differs between
the dry and rainy seasons.

e Knowledge gaps: The study identifies availability of significant knowledge gaps of
drinking water quality at the POU in food establishments requiring due attention by
the food establishments owners, managers, food handlers and decision makers. It
opens a door for future studies in relation to food establishments.

e Health risks: The study assured that, significant number of the food establishments’
drinking water had very high health risk to customers in developing countries.

¢) Public Health data and Information:

e WaSH infographics: The study provides evidence based data for appropriate strategy
formulation; planning and evaluation mechanisms to the findings and poor
implementations of sanitation and hygiene practice of food establishments.

e Prevalence of diarrheal disease data: The study provides additional start-up
information on the prevalence of diarrheal disease among the food handlers.

d) Public Awareness

e Awareness: The study findings assured the existence of interrelated three dimensional
factors such as poor awareness, outlook and practices of food handlers towards food
and water safety, planning and management.

e Medical checkups: The study provides clue on the health status of food handlers and it
indicates the poor practices of hygienic activities and medical checkup practice of
food handlers that opens a door for further research to researchers.
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e) Indicators

Public health determinant factors: The study identifies many core determinant
factors that have significant influence on the sanitation and hygienic practices and
status of food establishments.

Behavioral factors: The study manifests significant number of behavioral factors that
has a capacity to influence health status of the food handlers in their daily routine

activities.

f) Food and water safety

Safety: The study indicates the gap of food and water safety practices at food
establishments’ level, which will reduce health risk by improving health status of the

food handlers, safe eating and drinking habits.

g) Policy recommendations

Implementation tools: The study provides a baseline data and informatics useful to
policy makers, decision makers, planners and other researchers.

Decision making inputs: The result of the study provides a clue to concerned primary
and secondary stakeholders to make sound decisions that target tackling the health
problems of the food establishment customers and residents of the city in particular

and developing countries in general.
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ANNEXES
Appendix 1: Information sheet and consent form

Information sheet and consent form is prepared for Addis Ababa food establishment owners
and food handlers who are going to participate directly or indirectly in the Research project. A
cross-sectional and longitudinal studies on “determinants of public health in food
establishments and health status of food handlers, in Addis Ababa Ethiopia’ was
conducted in Addis Ababa food establishments and food handlers.
Name of Principal investigator: Aderajew Mekonnen Girmay
Name of the organization: Ethiopian Institute of Water Resources, Addis Ababa University,
PhD program in water and public health
Name of the Sponsor: Addis Ababa city administration Gulele sub city department of food,
medicine and health care administration and control authority.
Introduction: This information sheet and consent form was prepared to explain the study
subjects to cooperate and to join to this study. Please listen carefully and ask any questions
about the study before you agree to join. You may ask questions at any time after joining the
study. The investigator is a PhD fellow in water and public health at the Addis Ababa
University Ethiopian Institute of Water Resources.
Purpose of Research: The purpose of this study was to determine determinants of public
health in food establishments and health status of food handlers, in Addis Ababa Ethiopia.
Procedure: To determine microbial load of drinking water quality, environmental sanitation
and hygiene situation of food establishments and the health status of food handlers in Addis
Ababa, you are invite to take part in this study, if you are willing to participate in this project.
Then, you are asking to give your response by the data collectors and to take water samples.
For all questionnaire and water samples, the study participants are food establishments and
food handlers from the randomly selected areas. You do not need to tell your name or name of
your food establishments to the data collectors and all your responses and the results obtained
were kept confidentially by using coding system whereby no one have access to your
response except the principal investigator.
Risk/ Discomfort: By participating in this research project, you may feel that it has some
discomfort especially on wasting time ranged 30 to 60 minutes. | hope you are participating in
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the study for the sake of the benefit of the research result. Really, there is no risk in
participating in this research project.

Benefits: If you are participating in this research project, there may not be immediate benefit
to you. But your participation is likely to help the principal investigator in assessing what a
significant microbial load of drinking water, environmental sanitation and hygiene situation of
food establishments and the health status of food handlers in the study area. Ultimately, this
helps the investigator to identify the gap related to the intervention going to be done by the
authorized bodies and stakeholders. Therefore, the future benefit of the study is towards
promoting your health status.

Incentives: You are not provided any incentives or payment to take part in this project.
Confidentiality: The information collected from this research project was kept confidential.
Information about you and about the food establishment collected by this study was stored in
a file, without your name, except a code number assigned to it. Generally, all information that
was collected do not revealed to anyone except the principal investigator and was kept in a
secure, protected place.

Right to refuse or withdraw: You have full right to refuse from participating in this
research. You can choose not to respond to some or all questions if you do not want to give
your response or water sample. You have also the full right to withdraw from this study at any
time you wish, without losing any of your right.

If you are voluntary to participate pleases put your signature

Signature
Date

Persons to contact:

If you have any question to ask, please contact me without hesitate.
» Aderajew Mekonnen
Tel: +251-0910-86-29-16/ 0941-26-64-75
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Appendix 2: Questionnaire of the studies

In general, the questionnaire of this study is dividing in to four parts. The first and second
parts are using to measure and assess both the microbial load of drinking water at the point of
use in food establishments and determinants of sanitation and hygiene conditions of food
establishments respectively. Moreover, the third and fourth parts of the questionnaire are
prepared to determine the prevalence of diarrheal diseases and to assess knowledge, attitude
and practice of food handlers towards food and water quality management in the food
establishments of Addis Ababa, Ethiopia.
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Part 1 Code------====-m---

Questionnaire for objective one (To determine the Microbial load of drinking water and
seasonal varation of water quality at the point of in food establishments of Addis Ababa).

Questionnaire for objective one: An institutional based longitudinal study to determine
Microbial load drinking water and seasonal variation of water quality at the point of use
in food establishments of Addis Ababa, Ethiopia

Section 1: Laboratory results of microbiological examination of drinking water samples

of the different food establishments

Sr.no | Microbiological parameters Coding category
1. From what time of food establishment the sample taken? Small...1 large...2
2. Are there growths of thermo-tolerant micro organisms at 45° | Yes ...1 No....0
in a 100ml sample (CFU/100 ml)?
3. How many thermo-tolerant /fecal coliforms bacteria grow in
100ml at 45 ¢ (CFU/100 ml)?
4, Is there sample of the drinking water positive to E.coli? Yes...1 No....0
Name of data analyser signature
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Part 2

Questionnaire for objective two (To assess determinants of sanitation and hygiene status of
food establishments in Addis Ababa, Ethiopia)
Section 2.1: Socio-Demographic Characteristics of the food establishment managers of
Addis Ababa, Ethiopia

S.no Study variables Response and coding category
Q1 Sex Male.............. 1 Female
.............. 2
Q2 Age in years yrs
Q3 How many years serving the food establishment to yrs
customers?
Q4 Educational status lliterate ............ 1
At least read and write............2
Q5 Marital status Single....1  Married ...2 Divorced
and others ....3
Q6 Condition of the ownership of the food | Private......... 1
establishment building Rent............. 2
Q7 Do you take training about sanitation and hygiene | Yes.....1 No .....2
in the past one year?
Q8 Do your food handlers have taken training about | Yes.....1 No.....2
hygiene and sanitation in the past one year?
Q9 Renewed license by food and medicine control | Licensed.....1 Not licensed....2
authorized body
Q10 Type of the establishment he/she owned one stared and above hotels) ....1
non star hotel...................... 2
bar and restaurant ...................... 3
cafe and restaurants................ 4
Restaurants.............cooevvivnns 5
GroCery...ovi i e 6
Café and others..................... 7
Q11 Type of the establishment in size Small or non star hotels and other

small food establishments...2
Big or star hotels...1
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Section2.2: Availability hygiene and sanitation facilities among the food establishments

S.no Study variables Response

Q12 Is the housing regulation law having bureaucratic | Yes (incorrect ans) ....1
to renew the food establishment? No (correct ans)....2

Q13 What is the source of the drinking water used by | Municipality.............. 1
the food establishments? Spring water and others...2

Q14 Is there privately piped water at the food | Yes.......... 1 No.........
establishments?

Q15 Does the food establishment have continuous | Yes.......... 1 No.........
piped drinking water supply?

Q16 Does the food establishment have disinfectants for | Yes........ 1 No........... 2
washing water storage equipments?

Q17 Does the food establishment have three | Yes........ 1 No......... 2
dishwashing systems?

Q18 Is there functional shower facility in the food | Yes ........ 1 No....... 2
establishments?

Q19 Does the food establishment have functional | Yes........ 1 No....... 2
refrigerator?

Q20 Does the food establishment have functional | Yes........ 1 No....... 2
toilet?

Q21 Does the food establishment have functional hand- | Yes ........ 1 No....... 2
washing facility near the toilet?

Q22 Is there soap near the hand washing facility? Yes........ 1 No........ 2

Q23 Does the food establishment have separated | Yes ........ 1 No........ 2
kitchen?

Q24 Does the kitchen have accessed to running tap | Yes........ 1 No.......... 2
water for food preparation and equipment
washing?

Q25 Is there approximately at least ten-meter distance | Yes ........ 1 No........ 2
between the toilet and the kitchen?

Q26 Does the food establishment inspected by | Yes........ 1 No........ 2
regulatory body at least within a month?

Q27 Does the food establishment have septic tank for | Yes ........ 1 No........ 2
liquid waste?

Q28 Is there temporary solid waste storage | Yes........ 1 No........ 2
containers/receptacles?

Q29 How many days stay the solid waste in the food | Less than 7 days...... 1
establishments’ container? Above 7 days......... 2

Q30 Do the food establishments have a practice of | Yes ........ 1 No........ 2
segregation of combustible solids and non-
combustible solid wastes?

Q31 Do the food handlers have health examination | No ..... 1 Yes...2

certificate at least within the past three month?
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Q32 Does the food handles have personal protective | Yes........ NO ...........
devices during the time of this questionnaire filled
(white Gown, hair protective cloth...etc?

Q33 Do the food handlers have dressing room? Yes.....1 No....... 2

Q34 Is their food storage room for non perishable | Yes.....1 No ........ 2
foods?

Q35 Does the food establishment have adequate | Yes.....1 No........ 2
ventilation?

Name of data collector signature
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Part 3

Questionnaire for objective three (To assess knowledge, attitude and practice of food
handlers towards food and water quality management at food establishments in Addis Ababa,
Ethiopia)
Section 3.1: Socio-Demographic Characteristics of the food handlers

S.no | Study variables Response and Coding category
Q1 | Sex Male........ 1 Female........ 2
Q2 | Age in years
Q3 | Educational level Iliterate ..... 1 At least read and write -------- 2
Q4 | Marital status Single...1  Married ....... 2
Divorced and others ........ 3
Q5 | Religion Orthodox...1  Muslim.....2  Other ...3
Q6 | How many years you work as food handlers? years

Section 3.2: Knowledge of food handlers about food hygiene and water safety

S.no | Study variables Response and Coding category

Q7 | Do you know about food borne diseases? Yes ..... 1 No...2

Q8 | Do you know about water borne diseases? Yes ..... 1 No...2

Q9 | Do you know contaminated food and water causes public | Yes....1 No.....2
health problem?

Q10 | Do you know water can be contaminated if it is not | Yes..... 1 No...2
handling properly?

Q11 | Do you know about Acute watery diarrhea (AWD)? Yes ..... 1 No...2

Q12 | Do you know Salmonella is a food and water borne | Yes ..... 1 No...2
pathogen?

Q13 | Do you know hepatitis A is a food borne pathogen? Yes ..... 1 No...2

Q14 | Do you know bloody diarrhea is transmitted by | Yes..... 1 No...2
contaminated food and water?

Q15 | Do you know typhoid fever is transmitted by contaminated | Yes ..... 1 No...2
food and water?

Q16 | Do you know food and water can be easily contaminated at | Yes....1 No.....2

the point of use/food establishment?
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Section 3.3: Knowledge of food handlers about transmission and prevention of food and

water borne diseases

S.n | Study variables Response and Coding category

0

Q17 | What is the source of | Health professionals....1  Radio and television...2
your awareness about | Formal training......... 3 Posters.................. 4
food and water borne | Sanitary inspectors...5 Absence of training....6
diseases?

Q18 | What is the mode of | What is the mode of transmission of food and water borne diseases?
transmission of food and | Through contaminated water...1 Through contaminated
water borne diseases? food......... 2

Through contaminated hand....3 Through utilizing improved
toilet....4
Dirty work environment......... 5

Q19 | What is the prevention | What is the prevention mechanism of food and water borne

mechanism of food and
water borne diseases?

diseases?

Washing hand with soap and safe water before meal......... 1
Washing hand with soap and safe water after defecation ....2
Isolate sick food handler until he/she treated................... 3
Properly cooking food and safe water handling............... 4
Habit of eating raw beef and vegetables........... 6

Section 3.3: Attitude of food handlers about food hygiene and drinking water handling

S.n | Study variables Response and Coding category

0

Q20 | Do you believe protective tidy clothe minimizes both | Yes ...... 1 No........ 2
for food and water contamination?

Q21 | Do you believe taking treatment is mandatory when | Yes ...... 1 No........ 2
food handler sick?

Q22 | Do you believe washing hands should be obligatory | Yes ...... 1 No........ 2
before holding food and water?

Q23 | Do you believe raw food should be separated from | Yes ...... 1 No........ 2
cooked food?

Q24 | Do you believe treated water can be easily | Yes...... 1 No........ 2
contaminated if not properly stored at safe container?

Q25 | Do you believe food and water borne diseases can be | Yes ...... 1 No........ 2
arising from food establishments?
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Section 3.5: Practice of food handlers about food hygiene and drinking water handling

S.no | Study variables Response and Coding

Q26 | Do you wash drinking water containers with sanitizing and | Yes ...... 1 No.....2
disinfectants regularly?

Q27 | Do you wash drinking water glass with sanitizing and | Yes ...... 1 No.....2
disinfectants after every customer use it regularly?

Q28 | Do you wash your hands with soap and clean water before meal | Yes ...... 1 No.....2
and after defecation?

Q29 | Do you wash food utensils with sanitizing and disinfectants | Yes ...... 1 No.....2
before serving with it?

Q30 | Do you use tidy clothes for cleaning food utensils regularly? Yes...... 1 No.....2

Q31 | Do you wash your hands with soap and clean water before | Yes ...... 1 No.....2
holding cooked food?

Q32 | Do you put food and drinking water in clean containers? Yes...... 1 No.....2

Q33 | Do you cook food thoroughly before ready for consumption? Yes...... 1 No.....2

Q34 | Do you cover your mouth with tidy clothe while you coughing? | Yes ...... 1 No.....2

Q35 | Do you cut your nail when it becomes tall(using observing)? Yes ...... 1 No....2

Q36 | Does the food handler wear at least white gown or made glove | Yes ...... 1 No....2
during the visit time?

Name of data collector
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Part 4
Questionnaire for objective four (To determine the prevalence of diarrheal diseases and

associated behavioral factors among food handlers in the food establishments of Addis Ababa,
Ethiopia)

Section 4.1: Socio-Demographic Characteristics of the food handlers

S.no | Study variables Response and Coding category

Q1 | Sex Male........ 1 Female........ 2

Q2 | Age in years

Q3 | Educational level Iliterate ........... 1 At least read and write ------------ 2

Q4 | Marital status Single............ 1 Married .......... 2 Divorced and others ........ 3
Q5 | Religion Orthodox........ 1 Muslim........... 2 Other ............ 3

Section 4.2: Food handlers work profile at the food establishment

S.no | Study variables Response and Coding category
Q6 | How many years you work as food handlers? years
Q7 | What is your type of work in the food establishment? Cooker...... 1 Waiter...... 2
Both cooker and waiter...... 3
Q8 | Where are you living and sleeping? At the food establishment....1
At her/his home.................. 2
Q9 | What is your type of employee in the food establishment? | Permanent...... 1 Temporary....2

Section 4.3: Medical checkup practice and training situation of the food handlers

S.no | Study variables Response and Coding
category
Q10 | Do you have medical checkup or health examination certificate at | Yes...... 1 No....... 2
least within every three month?
Q11 | Does the food establishment have a practice of isolation from the | Yes...... 1 No....... 2
work place when the food handler is ill?
Q12 | Do you take food and water safety training at least once in a year? | Yes...... 1 No....... 2
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Section 4.4: Type of disease symptom among the food handlers

S.no | Study variables Response and Coding category
Q13 | Do you have diarrheal diseases within the past two | Yes...... 1 No....... 2
weeks?
Q14 | Do you have acute watery diarrhea (AWD) | Yes...... 1 No....... 2
confirmed by laboratory for the past one year?
Q15 | Do you have cough within the past two weeks? Yes...... 1 No....... 2
Q16 | Do you have an infection of runny nose within the | Yes...... 1 No....... 2
past two weeks?
Q17 | Do you have incidence of any fever within the past | Yes...... 1 No....... 2
two weeks?

Section 4.5: Factors that may be contribute to diarrheal diseases among the food

handlers

S.no

Study variables

Response and Coding

Q18 | Do you wash your hands after defecation regularly? Yes...... 1 No....... 2
Q19 | Do yo wash your hands before meal regularly? Yes...... 1 No....... 2
Q20 | Do you use toilet while wearing protective clothes/gown? Yes...... 1 No....... 2
Q21 | Do you wash your hands immediately after handling raw | Yes...... 1 No....... 2
foods?
Q22 | Do you regularly close your drinking water container? Yes...... 1 No....... 2
Q23 | Do you wash the water container and food service utensils | Yes...... 1 No....... 2
you used with sanitizers and disinfectants regularly?
Q24 | Do you wash the glass or the material you drink water with | Yes...... 1 No....... 2
it every event?
Q25 | Do you put cooked foods separately from raw foods? Yes...... 1 No....... 2
Q26 | Do you have habit of eating raw seafood and raw | Yes...... 1 No....... 2
vegetables?
Q27 | Do you use the same chopping block and knife during the | Yes...... 1 No....... 2
time of processing raw food and cooked food?
Q28 | Do you feed regularly in the food establishment? Yes...... 1 No....... 2
Q29 | What is the type of food establishments that you work? One and above one-star
hotel....1
Non star hotel............. 2
Bar and restaurant....... 3
Café and restaurant...... 4
Restaurant................5
Café and others............. 6
Q30 | Do you use proper waste disposal methods( pedal dust bin, | Yes...... 1 No....... 2
septic tank)
Q31 | What type of toilet most of the time you use? Improved or water
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Q32 | Is there sanitary inspection by authorized bodies in the food | Yes...... 1 No....... 2
establishment?
Q33 | What is the type of the establishment in size he or she | Small or non star hotels

work?

and other small food
establishments...1
Big or star hotels...2

Name of data collector
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Appendix 3: consent form and Information (Amharic version)

PI°CI°CITS T TME-LLT POT°I°1rT oo hem, PR

LU Po PTHIE®- NaS%h AN RLOCAAL PATeEe OU U WMkl PLud
I°LP TE-9° NOUVS L7NLNN MG CTI°VCT AGA CONTSE 874 1914 A7
PTG CONg°:- "N9°ING aomMT AN T G6R, +£71F PoL+CND- CoomT U
TAVGT PIPMNG oM T AMNINT OeR, T URETS ALENTT RS 190N
H2E+F L7104 APTF MG U5 NA%N AN h 19T avaol? Y0-:

PTGk QAT 09 ALL-E@ aohFF

Ptgoo A9°: P 1A E OU U AT RSN AN QLICAET U AT PV/ON
MG AmINP C19°vCT nTA

a0 £

PHY  PI°CI°C  2INE-LLS PO 1T PR 9N AUT ACAP  A18AT4NT
PIIMLP LT PIPCIC TS+ 97t TMe-é-T 1o (LY PI°CI°C TCET
AATE hao @72 4 LUTT PPINELE PR AN TLLPT AL Lmed::
0Hen149° NTGH: ooOHq hEovs. DA 07775 ®-9° 1H TELPT AP aomeP
LT an:

PTGk 07T

PTG 9097 NASN AN hh2T AlESLC "19°NG aomT AN T A6, 77T
POLPCND PoomT U 7AVGT P9°ING oomT WIAINT O6h, T VRETS
ALENT? AS N9°7N HIEF 0904 ALT Pm.S U7 (AL0 AN hke9 goaoly
TR

Panc-C 1T

avlB ANAN@ OAgo-¢ hHY NFT CFHZHG 1POFT O-FIL@- 9°AG7 A%Laar
FAFLPT NS LaNPNF A NASH AN oY @-0T '09PNG oo
AT GeR, A€ POLPCND PooM T U FAVST PG eom T
AT G6R, A& VLETS ALENTT AS N9°7N HE T 97L04 APT Pm.S
Us3 NMaB0 AN el goool? 1@-:ACHP (MY TG 00T A78A 14
FooCmPA: LPLE POLPE DPT AgvlE ANANGD.  ATSAM PA aomed
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LPCNAL I NN P T AovlB ANAN® Cootimt L3 ALSTCNLTI°:PL0m-T-
AT °OM- Pk PhmNe SIPGA:
AG¢ POLTN AR IPFG THATT
NGt o0t Noodte oCPo1 P LT oom@eT  N7LPANT 0e9°
N.meeNt g9 Nl.oaeNt 10 h10 L44 Adh 15 Led P7Imo 1H
NIT4L2 ANEPC 990 WL ST PA@9C:E NeoP'r9C NTSHE COLTIo
O Mt ooOLT (71247 AdvOHG 4 PLE AILTLP T 091317 10
hPS+ 7L+ TP
NTG+: 0T ACAL Moo+ EL (¢TI AvT C7LeTTHE TP ALTCI° "N9° NG
aMT KA OeR, &2 PULPCAND PoomT @U TAUGT P9°MNG oo
AT GeR, A& VLETS ALENTT AS N9°7N HE T 9704 APT PG
U's3 AL N7L.0LC1M TG 4027 hivEPOA LLCIN:: LUI° APThS@T NAD-
+0C AL AT AT MooAfT APML MST NeomNPs NTAAAN  L1%
NS LD heTE 1S hoLeTT T PhRI°C ASG Povidh AChJ @6k, ANTAL T
POLTN PO ALSTCI®: N6 TGk AU-AI® AN PP AT KS
PU/ONT MG ACTAAN @48 O£ AALET 4PLYET hP'r hTGk: 9917
oM ooOlt FLCT MLIPAN ATSLTT 7147 AN Té-FTFa-
A7860I°¢ PTHA:
oMhi
MY TG T ACAL MooA+§L2 9°39° G4 T hQwTP49°: 11C 17 0TSk
NooA+GEL 9N I5TF Gk 1o
" am.C maeyT
PULAMT oolB 9POMe-PrE 07110 PTLmNPG A%TI9° L4 PUILRLTT oo
N9° AAN (PY Paom@P PO aoqPA-k: nI°39° NAL PINLE SIPSTJ A
PP OLI° hTS+k Coo@NT oot

0TG5k AAO+G oA oo PALT AT AL 4.PEP ANTISIE TLLOT
v Nao--9° IPAT ALAMNT@® ATLLATT 148 oD hdeohm P71 0
A7 OHYI° C7LLCONL T FIC hLTCI”:
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MY TG ooATe9° P71 AdooA+E (ACNE AP 4P PTLONT 10
NAPI° NPLLE AL FPLHIPT  ALooNT T+ AIPCAAL TLEPT  +HINDTS
ThnAT @7 aoh Neohmt A75A4004T 0 TFVTS Am@ PAU-:

ANAM ool B

hLL-E@ oopyyi- +251-910 86 29 16 /09 41 26 64 75

ATMMICE hEATT AMP 9°095 hPCINU-!!
VT PR AING ANECHALT hPt AovA+E h0Too- A0AP LCOIPT AF
hw 03F eado°me:
AT L@ &GO
+7
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Appendix 4: Questionnaire of the studies (Amharic version)

PTGtk oom@ET NAMPAL Nhé-T AGAT ¢Thdh P? PoofooCPD7 hAS
PUATE DT AGA TGPT NPLI° Ahtd N9°NG aomT WIANT O6R, 77T
POLPCND PoomT @U TAVG AG P9°ING aomT A1NINT  GeR, &7 T
PULETS ALENTT Vs 071800 GF®:: NHen?1s AT @ AG hé-T5m nEA
TGETF L79° (PLov AHhtA 019°7 HIET L7104 ALT PG VB3 AG N9°M)
AS OU hLPH PAT® A@-+T7 THN AS C PoL800 GT@-::

neA 1 aoNf RPC-----------m-

aMmeP LTC ATL: NAL%O AN hF99 N9°2NS aomT A1AD0 T O6h, +2o T
LPCNDM- PoomT @ U TAVG havaoHy ¢+HIE aomPP

nEA 1.1. htAfR P9°70 AS oomT +77+ ¢+tON% POV Gov-G PANS-F& /Y-
LeP FUPOET oMt

CFVPNAE7 avAh.f(Microbiological parameters | ap\NG avAf RTC/hL/

P-hdov- G0 +70....1 AP /Qabh... ... 2

N(P(& <

foomT @U Gao-G@® N45°c N 1ml AL | ALP............. 1 ¥ S 0
CHUPALT AL hAD?

N100ml foomT @U@-7 2°7°0N  Ontés
h&r?

Gao- G POU Té hoAVT  FUPALT | AP 1 hS. 0
(E.coli) AL hA®-?

fonl % A NANO-

nge A |
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nEN 2
Nag0 &N hto? A9°MNG ooMT AN 0T G6h, 271+ 0T UVRET AG ALEN?
1T Aovool? P+HIE oomeP

LT VK g N —

2.1: 9GS oomT +£TtH Q¢ ADhLET TTNEBS Q1 “TV0E-R e Lt
AL ft+h¢. aomP$T

] ampe.d ao)\(G ao(\f RTC/hE/
1 N 7L OF....2
2 AL (Goav hao
3 koo AIANTNT COMNT hao-l
10 NGav-t
4 e +9°vCT U-n PN 1 L2 “T1INNG goRG - 2
5 eONT U AT 1 P1F...2 4T AG ANeT..3
6 ¢tdoo- CQANFYT VRS PAN......... 1 PP . 2
7 ACOL NALD ATE haok | AP .. ... 1 Y 2
@ONT  PUREST ALY
AAMS ONLPA?
8 eI (e EFE QAL | ADP......... 1 Y 2
ATe  Gavt (UGBS
ALETN7 OAMS ONLPA?
9 N9°ING ooVt PN | AP....... 1 Af....... 2
ANA LA 4P AND?
10 e+e9° 9041 0A A7¢ hha-G AL PEA....1
ahl PAATO P EA-T....2
9°9NG oot 1.3
W4, AG 9°N 0.4
70 .5  ICNEPT....6
W4, WS ANT.T
11 C+k9° 90 NLLE +70...1 TAP (AP N PEA)....2

2.2 : PPUMNG oo T AWIANT OeR, +29T VLAETS ALEN aPCNt ULt

+4¢ | acomeP ao)\(G ao(\f RTC/hE/

12 | tdoo- A9ILQ COLPT AONTSLC VD ATPG | AP ... 1 Y 2
LLTPCANTPA?

13 oot @-UVD7 9°%6bs 9°7L7 10-? TINOBNIP...1 P91 0U...2

14 | &ao- PN P00, @V AAD-? AL . ... 1 nB........ 2

15 | koo POIRELLT COU APCOT AAD-? AL ... 1 Y S 2

16 | P@U “Imé-+71.fL “IXE hTlhAT hi? AL ... 1 np........ 2

17 | t&ao- QA OO ATh PAP TINLE AMD-? AL 1 Y 2
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18 | oo P9NL- PN aoF MNP AND-? AL ... 1 Y S 2
19 | “tdkao- PN GEE AND? hAD. ... ... 1 Y S 2
20 | ‘tdao- PUUNL- avRBENT AAD-? AL ... 1 Y S 2
21 | tdao-  aoRA880F  amMl POLONG  PAE | AL ... 1 Y 2
avFmN.f hO@-?
22 NAL ooJm.f AamIN Aao-G AN? AL 1 Y 2
23 | +&ao- AP hTG AND-? AP ... 1 Y S 2
24 nriso o-0T @48 P079°0. U  AN? AL 1 Y S 2
25 | O-fS@S NaodB8N-4E:  aohhd 0h°The 10 | AL......... 1 Y S 2
G CPT hO@-?
26 | tdao- (LI NOC A7% NFAVG +ASMNE | AP...1  af....2
AN ETTC LLLIANTA?
27 | ‘hkoo- PEATI FHA TIML-+oLE (septic tank) | AL......... 1 Y 2
AN®-?
28 | tdkao- IHLP LLP AN TIME-PLEe AAD? | AL......... 1 Y S 2
29 | t&ao- LLP $OA AT LUAN ¢7 LPLA? n7 +7 N1 h7 7 NAL..2
30 | tgkoo  PUNANNG  PUILNNNAN: PAALT | AP......... 1 Y S 2
LALAN?
31 | P9 (AT At Ot @bt 0T | AL ... 1 ADP......... 2
PM.G 9°CY9°¢- PtavlavéNt NCE AN?
32 | PN AHRT Phé- ANNG PATFC av(AE | AP ... ... 1 Y S 2
aNT@-?
33 | POGATT ANO avbPLP NFA AN? AL ... 1 Y S 2
34 | Adao- A ACIZNNNOG IC0F aoIHT | AL 1 Y S 2
AN®-?
35 | koo N4 LAPC HO-O-C AAD-? AL ... 1 Y S 2
PoolB (NAN.®-
nye YA |
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neA 3
aomlP £TC Adt: Nash an ht2? 09°71MS aomT

PLT AR 5 o ——

AN Oeh, 2o

29904 9°M0 AHDLET A®-P i HIA AS +20C Agvaod? ¢-+HIE aomPP

neA 3.1: 09°7NGS oo T AT AF 21T TN PR (TR
VNPT O “TVNEP WELT AL £1hé. aomP ST
+.¢ | ocomeP ao)\(G ao(\f RTC/hE/
1 At oL 1 [ AT 2
2 hLoY
3 e +9°vCT U COTYT.. 1 0L “TINNG oA - 2
4 eONT U CANT........ 1 e1F.......... 2 P43/ T....... 3
5 &y TN ACT20....1 ao-(A9°....2 AOT.. . 3
6 A9°7 PUA hao'l N9°9 haol
O&A11F ACTHAN UAN?

nEA 3.2 PN ACAHTTF MG @V MTIPEe hovfH AFAC AT ha-dT

A?1500 PHHO8 aomeET

+.¢ | acomeP ao)\G ao(\f eTC

7 N AL NHF 2T A0 Ao+ T AV/NT? AL, 1 he....2

8 @V OAE NPT AN Ad-P T AV/AT? AL .1 ng...2

9 gHNhA @U AS 9°70 AV/ON MS M7 ao P FPAV/G? | AP...1 hg..2

10 | @v OT72E antPH NPAN ANhA ATL7LTA FPAV/G? | AP...1 he....2

11 | dd aMB8é PTG Fo-nt oot PAv/h? AL 1 he....2

12 | 3RELELE A%, VPO @8I AAICLA N9°ING @OU | hP...1 he....2
ALY 3 PAVIAT?

13 |0 N3 A A%, VPO NG OU AL | AP...1 ng....2
J PAV/IAT?

14 | 29°  CtPAPA  APOIT  N9PING OV  ATLOLTHANGE | AP .1 he....2
J PAV/IAT?

15 | L6 N3 N9°INS OU AL 1AAE 3 PAV/ANT? | AP...1 he....2

16 | °NG @V Ntkoo. @-O0T ANWA ATLTLTATPAVIAT? | AP...1 he.....
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neAN 3.3: P2 OWEHTRT N9°MG 0-v oA (NFPT ovthANLSS ovhAhf

V12T AT A+ T AovBOO P1H28. oomP$T

+.¢ | acomeP a\(G oo\f ETC/h/

17 | P9°9NS @o-U oAL NHF2LF | hnSG OAgo-¢ DT
am-P - IR/ 9O | hOAMS ...
"@-? nms +EmMas hhadt

1

neees AN ... ... 2

N0 HCF
...... 5 hAPP.

18 | P9°7NG @-U ®AL NNF2F | 0-HNha ov...1
av1ANL £ av’y) & 9oL | QAT MmN AL .......
1@-? h$Aa4 Ahan........

n-raha 9°971N...2
aAJmN aA%....... 4
AMPI°. . ............6

19 | P9°MNS @V ®AL NNFPTF | h9°IN Né-T A% avdao-G avFmAl...1
avhAnf av¥1L 9°3L7 1®? | havd8BNT oo AP avdov-G avtmAl...2
Pdavav (\(HE Naop? T

neAN 3.4: P9 NGAPRT °MS oV ONT7Pe hoofH W72C £AT@- HA

Aov SO0 108 aomeGET

+.¢ | oomeP a)\(G ao(\f RTC/hE/

20 oG @V h&1w  “INdbor T hNhat ShAhAA | AL......... Y S 2
NAT/V F9°GAV?

21 ¢Havav  ((HE VAIPG oo@AL DL 1@ NAY | AL......... oY 2
FI°7eAN/V7?

22 @V AS °N hoofH Nét+ A% aodmAl 7L 10 | ADP......... Y 2
NAY F9°7CAT/V?

23 LANONA 9°20°TF hOOA- 9°0F aop? T AANTE NAY | AL......... Y 2
FI°7eAN/V?

24 | PHhoo @U N7AV “IMé+oLe NTIPE adNHPH | ALP......... Y A 2
NPAN: A7L9NNA FI°7L2NT/V?

25 NG @V oA NNFPT 9N AP | AL......... Y A 2

ECEPRT A72990- 907 NéT O FANIN?
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neA 3.5 P9 ALTET °UMNGT OV OTIPE hoofH ATAC PAT@- +C
Ao SOO O1+HD8. aomOGET

+.¢ | acomeP ao)\G ao\f &TC

26 POV TIMe-PULLD  UA NAT°G MAAT  h7ThAT | A2 1 hg....2
£ man?

27 LINGT aA%lmeao-  NCHEPS UN ATe A@ | hP...1 hg....2
ntmeaeT@- N3A 3P0 AATU-?

28 | ABFT U~ h9°MN (1S hovd880 1 aodd U-A TF3m | A2, 1 hp....2
aNTU-?

29 | PN ALLT UN NATPS NAAT h9lhnT Pt | A2 1 hg....2
ANE?

30 eAmi 9N APLPT  A%1LLP UA TAV WGP | AP 1 ho..... 2
+Tmeao- AT U-?

31 | PNAA 9°NT hao YT U~ Né T UA ALTTU- NAao-GS | AP, .. ... 1 ho....2
740 OU Trmk AATU-?

32 |96 @®v 0ARY APS  AG TIMe+ole 10 | AP 1 hR....2
AT° I NPI°?

33 o0 A°INYT haoblN- NéT NL7TN FNOAT ANTU-? A®. .1 hg....2

34 | N9°2N H2EF M OFAN AdEU- AS asImE N4V | AP 1 hg....2
LGP TOARTT AT U-?

35 aom@e AI°A h9°N Fan, PAT®- NPT PERETO- | hP...1 hg...2
+PCMm INC?

36 aom@e AI°A h9°N Fan, PAT®- 0&H@T 19 D07 | AP...1 hg....2
Ao INC?

fonl % A NANO-

ng°-
A |
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neA 4 20T N L |y ——
aMeP RTC hé: NhLO AND h1H97 N9°MNS aomT A1A0T Geh. 2o
9904 97N AHDLZTF 1P N3-S +2EH U3 PT  AgvooHG  O4HDE
aompeP

heA 4.1: Q9°70S oomT ANt Oen, T2TTH TLAG PN (TR
TPNEBG N1 “TVNE-R WELT AL +hé. aomB ST

+.¢ | ocomeP a\G oo\f E£TC/h/

1 A oL ... 1 [ AT 2

2 ALY hav-l-

3 VGt Vv (X K PA L SV 1 .70 “7INNG oG - 2
4 CONF U CAN/TF... . 1 1/ F............ 2 4 N 3
5 VeI T ACT200........ 1 ao-OA9°........... 2 AT 3

NEN 4.2: P9°0M AEFRT ABC PN Fén ovlhm,

+.¢ | acomeP ao)\(G ao(\f RTC/hE/
6 A9°7  PUA  hao N9 O(eHITE havo-t
NCTANVA?
7 NtEao- PO SCATNIY I°7L 10-? 7o ANAL...... 1 AltSIP ... ... 2
U ANALS ANTGOE ... 3
8 aoS LTIV AG oo 0/V P 10-? Al 9. 1 Adh M. ... 2
9 PPTCV/MN VB3 9°1L 1-? &Y. 1 THELP...... 2

e 4.3: P9°M A&FPRT PMS 9°Covd- hS DAMS (FovAht

+.¢ | acomeP ao)\(G ao(\f RTC/hE/

10 | N.270 NPAhTt ¢ it UnAh/v POLLAL hCL | AL, 1 Y 2
ANTI/AV?

11 | Otav P06 OeHE A Javd® Oé- 78R0G TALT | AP 1 Y A 2
POL.LCHNT PHAP ANG-C AN?

12 | .70 NGaot A7 N9°NG @-U LVt AL PHhle | AP ... 1
AAMS ONLAN/UAN? Y A 2
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e 4.4: P9 A&FRT PONS UL AG AT

+.¢ | acomeP ao)\(G ao(\f RTC/hE/

13 | 0Aé+ vk At 0T 0FPIT NS | AP, 1 Y
+eHh/V INC?

14 | AL A& haot @OT NANGFSE PHEIM | AL .. ... ... 1 Y S
ams&é ++PITS Fo-nt SHA/Y INC?

15 | 0Aé+ v-dF Qoo @0 01747 FSHO/W | AP ... 1 Y A
NC?

16 | QA4 U-hk A9° ST 0T NULAT | hP......... 1 Y
AT NVU7T POLLHLNCN vard®  CAD- 1747
aOA(WTEARTH) LTV INC?

17 | 0Aét v-AF A1 00T LTIET PP ULAT | AP ... 1 Nl

+oat ZHT/V INC?

neA 4.5 P9 A&FRT ATPIT N0 ALI20M PLTFA UL 32T

+.¢ | acomeP ao)\(G ao(\f €TC

18 | haodB8N1 ao U-0 AENI/V7 HHmNLATIV? AL, ... 1 he....2

19 | haoao I Ti/V Né-F U AENHVT FFmMOLATIV? | AL...... 1 he....2

20 | Phieé- ANOT/Y ANAT/V avP8ENT | AP ... 1 he....2
TINLAT/10AV?

21 | Té °0F hfHO/M N3N U AFNIVUT NAgoG | AP ... ... 1 he....2
T+ mNLAT/NAY?

22 | Pao T @-v MO\ Paoem, Ut NTIdPE | aP...... 1 hp....2
Th&LeAT/V?

23 | @U “IMé&+PoLG PPN ALPT U NATPS | AP 1 he....2
NAgo-G @, Fmin-?

24 | fooM? ANCHE hm@O0NFHVNT MDA U | AP 1 he...2
2.4 maA?

25 | P0ONAS LANNA- 0T ALL DT U FNPI°NATU? | hP...1 he....2

26 | LANOA- Té 9°NFS  ATadt PoolAt AL | AP..1 he....2
ann/v?

27 | £ANONA-  AS  PNAA 9°0F  AHDE  A4apAAg | AP .1 hg..2
aot+d e 1@ P9 tmean-?

28 | N&Ly I°N10/v NH.v +d g - | AP he....2

P9 oo .-/ @-?
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29 | e OGN T 900G HEI° NALTTE 9078 1@-? | hbl \PAD PEA....... 1
bl PAAD- PEA....2
NC AS &OPe7r. ... .. 3
e, hG eOfé7t. .. ... 4
P 5
4o AS AT ... 6
30 |87 PAm-  PLLP AR TIME-PLEe 10 | A1 he....2
9% Fmdao-?
31 | U 1M P9 Fmbavt PavRS8NT ALY 90T | M@V POL0¢-...1
0-? NVAP.....2
32 | 0NNt AR MG AEMMNE A RTTC | AP ... ... 1 AP, 2
L.LLANTAN?
33 | PT%9° 92T NLLE +70 (hirn PANT @
AT 9°NG aom P NE
W, AG °IMN 0FE 9CM
AT 2CNEPTET hd, AS
AOT) 1
TAP (.70 0N A7e hhar
AG ML) ...............2
PaolB (NAN.@-

nge

A |
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Appendix 5: Letter of support to obain the Ethical clearance

ETHIOPIAN INSTITUTE OF
WATER RESOURCES

ADDIS ABABA UNIVERSITY

Ref. Mo: . ETWRG L1119

Addis Ababa, 26 March 2019

Ethimpian Public Healbih Instvbosios (EPHT)
Federal Democratic Republic of Exhiogis

F. O, Box 1242

Addis Ababa, ETHIOPLA

Suhbjeer: Request for Cooperation to Mr. Aderajew Mekonnen (10, Me CSRT06810)
Ethical Clearamor Case

Dresr SinMiadam

The: Ethiopian bnstmute of Waier Resources (EiWR) mission is 1o enhance capaciny of Bigher education
msimuies i Ethiopia for an improved and sustsinable warer resources use and mansgement. Curreacly dhe
imsiiule emrolled abowi 104 PhD and 26 MSc students from differesd Ethispisn universities and
Eovernment orgamsizations.

Ethiopsan Instibete of Water Resowarces (Ei'WR), Addis Absba University and registered to comduct his
FhDr im ‘Water snd Health program of study. Accordingly, Mr. Adomjew sucorssfully defended his
research proposal entitled “Assessment of microbial boad in drinkimg waler, onvironmsental sanitation and
hygiene stabas of food establishenents and health states of food kandlers in Addis Ababa, Ethiopia™ and
workimg wmder the suporvision of Dr. Simk Robele, Dr. Bezatu Meongistie, Dr Martin Evans and Dyr.

M Ademajews roguesiod our [nsttuie 0o wrile kim o support lEmer relsted 1o research ethics clesrance
mmpers, Howgver, i there B no Ethical Review Comanimes i our instifute, we reqasst your esecmsd
ciflce 1o consider his Ethical clesrance for his PRl research proposal.

We would like o appreciase —fpengion in ndvance.

Adidis Ababa Llnh-ﬂ'lln' E'I'HI:I'FI.H.
Addis Ababa, ETHIFIA

ETHHNLAN INSTITUTE O WATIE BRI EIRCTS Tel: 251-114-H105E Wi o T
AR AK | CANMPLE OB 1] Jd=3484 ] s ) e pi
AL ABLARA UKIVERSITY e k
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Appendix 6: Letter of support to use laboratory facility

ETHIOPIAN INSTITUTE OF
RESOURCES

WATER
ADDIS ABABA UNIVERSITY

Ref. Mo: EIWRigg £ /1119

Addis Ababa, Monday § July 2019

Addis Ababas Heslth Bureans

Public Health Research and Emergency Mamagermnent
F.AO. Box MITEE

= +Z51 (0 115520189

&: addisababafemi@gmail .com

Addis Ababs, ETHIOPLA

Subject: Bequest for wsing the kaboratory fucilities and other relevant assistance

Dezar SimMladam:

The Ethiopian Instinge of Water Resources mission is 1o enhance capacity of higher education
instituies in Ethiopin for an improved snd susiainable waler resouncs use and management.
Currently ihe instinsie enmolled sbowt 104 PhD sand 26 M5c stadenis from differesn Ethiopisn
Ad part of capacity bullding program, Mr. Aderajew Mekonnen ([0, Mo. GSR/1086100 a full
timne PhD sudens in Water and Public Heahbh (Wale), Addis Ababa University is curremily
comducting his PhD research emtitled “drsessmses of AMicroblyl Lood im Drinkimg Winer,
Emvironmemial Sanirarion amd Hygiene Siwanion of Food Eusblishmerms and Flemlth Sramne of
Food Hondlers in Addiy Ababa, Ethiopia™ and working under the supervision of Dv. Simk Robele,
Dir Bezats Mengsise, Dir Martin Evans and Dr Azage Oebreyohannes

Therelone, an behalll of the Ethloplan Institeie of water Resources and mysell, 1 asn writlng 1o
reqiacal permissbon 1o have acosss o your labormlory fecility for examining microbial

water quality parameters for & research condiocted by Mr Adernjew, a Ph} fellow in Waier amd
Public Health specialty.

Thank wou for vour kind atlention o this sspport.
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Appendix 7: Ethical approval of the study

o e et R L e e | I E I I I i o I DR

Ethiopian Public Health Institute

Aal-Tal: « 250 10 2133499, =280 10 ZT81822, +ha Fax #2510 11 ITS8434,
Fes @ PO BON: 1242585  e-ral goivSetheonat ot
v B e £

R s

o 24N

[hawe

Institwtional Review Board (EPHI-IRE)
Certificste of Protocol Appraval
EFHI-IEB Mecting Mo, 04
Protocol number: EPMT-FER- | 802000

Protocol Title: Asseswmens of Microbim Load in drinkimg warer, Eovirammenral Saniamioy amnd
Fygiene Simabion of Food Ssrablichrers ang Mealth Sares of Food Homdlers ir Adids Abgfa,

| Eshinpia L
Princapal Invesiigator | Aderimirn Mebomaen g
Insricuie L'Jﬁr'-el,ufun_{n_ﬂr'l.urr:l_:r'h'ur-r resources, Addis Abata University
Sy siteds Adledis Ababa T
Type of Review [ Expedited Brull Board '
Drecision af the meeting .-"'!.r':l'-‘ﬂ"fﬁ" [[] Approved with Recammendation

1. Elemenes approved-
I, Proaogod version Mo Ver 02
2. Proaocol version Date: 15 fane 2009
3. Informed cossent form versbon Mo, Ver 02
4. Indformed corsent formn version Drate: 75 fune 2079
11. Diblagatsons of the P
1. Should comply with the stamdnrd imermstional & naciossld scientific and ethical guidelines
1. All amensdneents and changes made in the proiccol and ¢consent form needs IRB approval
bazfore @xboulson
1, The Pl should repont SAE within 4B ours af the event
4, Modify premnature sisspensson of kermanalion ol the research for any ressos 1o the [RB
secretarial (SERC) within one msanth
5. Al the end of the study; technicsl reports and thesis warks should be submitied wathin
three monihs of project completion io SERC, Mamuscripas shoukl also be sabmined soon
afver publicalsm
I Approval amd [olbow uwp-
I. Institation Review Board (IRB) Approval dale: 15 Jume 2019

X Approval period: from £ feae 2009 1o
1. Follow ap repori expected inc 5 kﬁm_ 9 manibs_ One year_»
4

Chairperson. TRBE | _“ - *"‘;#_
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liquid suction

Lo |

Figure 4: Membrane Filter Technique
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http://www.biology.lsu.edu/webfac/rgayda/biol1011/Lecture_notesF2004/lecture8.pdf
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Appendex 8: Sanitation and hygiene status of Addis Ababa food

establishments

According to the Annual report of AAFMHACA, 2016, the problem of sanitation and hygiene
practices of food establishments of Addis Ababa depicted as below:

Source: Annual report of AAFMHACA, 2016

Figure 5: Drinking water storage and housing condition in Addis Ababa food
establishments
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Source: Annual report of AAFMHACA, 2016

Figure 6: Proximity of dishwashing sites to toilets in Addis Ababa food establishments

Source: Annual report of AAFMHACA, 2016

Figure 7: Number of dishwashing system in Addis Ababa food establishments
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Source: Annual report of AAFMHACA, 2016

Figure 8: Kitchen-Toilet proximity in Addis Ababa food establishments
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Source: Annual report of AAFMHACA, 2016

Figure 9: Sanitation conditions of dishwashing system in Addis Ababa food
establishments
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Although the sanitation condition of dishwashing system is expecting to be clean and far from
dirty places (Abdellah et al., 2012), most of the food establishments’ dishwashing systems
here in Addis Ababa are placing as the above picture shown. Moreover, the figure indicated

that, the drinking water storage and housing condition of the food establishments were very
poor.

Figure 10: Some of the drinking water sample taken
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Figure 11: Some of the drinking water sample taken
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Figure 12: Media preparation
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Figure 13: Prepared media
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Figure 14: Growth of coloni forming unit
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Figure 15: Coloni count in the drinking water samples
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Figure 16: Confirmatory analysis to identify E. coli in the drinking water samples




