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ABSTRACT 

This dissertation report is for the study entitled ―Determinants and waterborne pathogens to the 

cause of infant mortality in eastern Ethiopia‖. The main objective of the study was to determine 

the cause of infant deaths at the population level and analyze patterns of associated factors 

among the most common deaths; identify  facors contribute to diarrhea-related infant deaths; and 

detect pathogens that cause severe and fatal diarrhea from infant drinking water and analyze their 

relationship with water quality determinates. Understanding the cause of infant death at 

population level in developing countries including Ethiopia is still challenging, for the reason 

that most infants die at home and lost their life without having had contact with health facilities 

and no civil registration system. Infant cause of death in a range of setting and the pattern of 

associated factors among the common cause of death against the overall cause is not well known. 

Infant deaths are intrinsically linked to several causes and influencing factors that need extensive 

studies. Diarrhea has been shown to be one of the leading causes of infant mortality in Ethiopia, 

and its burden is still a serious concern. The risk of unsafe water supplies, inadequate sanitation, 

and insufficient hygiene practices has a substantial association with diarrheal deaths, which 

attributed to 88% of diarrhea-related deaths. Diarrhea is typically a waterborne disease that is 

caused by an extensive range of pathogenic microbes. Cryptosporidium, Shigella, a toxin-

producing strain of E. coli, and rotavirus have all been reported as the most responsible for 

causing severe and fatal diarrhea in infants. Many infants died from illnesses caused by these 

pathogenic agents, which thrive in contaminated water. The first study objective employed a 

community-based prospective longitudinal survey, which was conducted with routinely 

enumeration of reported infant deaths for a period of two years (from September 2016 to August 

2018) in Eastern part of Ethiopia. Using the two-stage cluster sampling technique, the study was 

undertaken in four randomly selected districts of West Hararghe zone in Oromia and two 

districts of zone 3 in Afar regional state. The study included a total of 362 infants who were 

deceased during the study period. Data was collected by trained enumerators by interviewing the 

mothers or guardians of the deceased infant using a 2014 standardize World Health Organization 

(WHO) Verbal Autopsy questionnaire. InterVA-4 model were used for processing and 

interpreting verbal autopsy data in order to arrive at the most likely causes of infant death. SPSS 

version 23 was also used for statistical analysis of frequency distribution and logistic regression 

for the association between covariates and outcomes. The second study objective employed 

community based unmatched nested case-control study design in Eastern Ethiopia. The cases 

were infants who died from diarrheal disease while controls were those who survived their first 

year of life from September 2016 to August 2018. A total of 305 study subjects (61 cases and 

244 controls) were included in the study. Infants dying from diarrhea were compared to four 

neighborhood controls in terms of several risk components of Water, Sanitation and Hygiene. 

Data were collected from mothers/care takers of infants using pre-tested structured 

questionnaires, and entered onto CSpro version 5.1 and transform to SPSS version 23 to 

analyzed potential risk factors. A molecular (LAMP)-based cross-sectional study design was 

employed. A total of 410 water samples were collected from infant point-of-use at household 



ii 
 

level and 37 samples from the corresponding water sources from June 2020 to May 2021. Data 

were collected from the household‘s mothers/care takers of infants using pre-coded structured 

questionnaires. The LAMP assay was applied for the detection of the targeted pathogens. The 

data were entered using CSpro version 6.1 and transform to SPSS version 23 for analyses. For 

the study objective one, the result shows that Of the overall (362) deceased infants‘ during the 

study period, 53.0% of deaths occurred during neonatal time while 47.0% died in the post-

neonatal period. Acute respiratory infection including neonatal and post-neonatal pneumonia 

(38.4%), birth asphyxia (16.4%), diarrheal diseases (16.3%), prematurity (7.4%) and malaria 

(4.3%) were found to be the leading causes of infant mortality in the study area. The independent 

factors strongly associated with probable ARI, including pneumonia related mortality as 

compared to all-causes of death were infants with maternal age lower than 20 years old 

(p=0.001, AOR: 4.82, 95% CI: 1.88, 12.3) and infant being died outside of heath facilities 

(P=0.007, AOR: 2.85, 95% CI: 1.33, 6.12). The post-neonatal period (P=0.000, AOR: 15.5, 95% 

CI: 6.35, 37.8) and infant died in the wet season (P=0.006, AOR: 2.38, 95% CI: 1.28, 4.44) had 

strong relationship with dying from diarrhea-related death than those infants died from all non-

diarrhea. The death due to malaria robustly associated with infants whose mothers age between 

20-35 years old (P=0.024, AOR: 4.44, 95% CI: 1.22, 16.2) and infant who was dwelled in the 

districts of Afar region (P=0.013, AOR: 4.08, 95% CI: 1.35, 12.4). The factors that found to be 

significantly associated with infant death from diarrhoea after adjustment for confounding 

variables included the age of mother with <20 years old (P=0.010, AOR: 21.7, 95% CI: 2.10, 

224.7), unsafe drinking water storage (P=0.014, AOR: 2.59, 95% CI: 1.22, 5.56), infants in 

households without point-of-use water treatment practices (P=0.004, AOR: 4.73, 95% CI: 1.66, 

13.5), households with unimproved sanitation (P=0.050, AOR: 2.74, 95% CI: 0.99, 7.58), unsafe 

disposing of child feces (P=0.015, AOR: 2.88, 95% CI: 1.23, 6.75), improper management of 

solid waste (P=0.003, AOR: 3.33, 95% CI: 1.50, 7.07), households with improper management 

of liquid waste management (P=0.011, AOR: 3.38, 95% CI: 1.32, 8.66),  households did not 

practiced hand washing at any critical times (P=0.015, AOR: 4.71, 95% CI: 1.34, 16.5) and 

households practice hand washing in lesser than three critical times  (P=0.029, AOR: 2.99, 95% 

CI: 1.12, 8.04) as compared with their reference group. Cryptosporidium oocysts, Shigella 

species, a toxin-producing strain of E. coli, and rotavirus were detected in 28.5%, 30.0%, 

26.3%, and 32.2%, respectively, of the water samples tested from infant point-of-use. All four 

pathogens together were detected in about 13.2% of the water samples. Cryptosporidium 

oocysts, Shigella species, toxin-producing E. coli, and rotavirus were detected in 27.0%, 

32.4%, 29.7%, and 37.8%, respectively, of the water samples tested from water sources. For each 

targeted pathogen, there was a significant positive correlation between the infant's point of 

ingestion and the water sources it was drawn from. The presence of Shigella species, toxin-

producing E. coli, and Cryptosporidium oocysts in the water samples was significantly and 

strongly associated with the unimproved water source. In conclusion, the highest cause of infant 

mortality was associated with diseases of the respiratory system, followed by diarrheal diseases. 

Most of the infant deaths that existed were as a result of diseases and conditions that are readily 
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preventable or treatable, similar to those reported worldwide. The patterns of significantly 

associated factors across the most leading cause-specific mortality against all-causes of death 

were dissimilar. Infants mother/caretakers whose the age with <20 years old, households without 

point-of-use water treatment practices and households did not practiced hand washing at any 

critical times shows the most higher odds of diarrhea-related infant deaths. Infants demonstrated 

high levels of exposure to contaminated drinking water by those recognized pathogens that cause 

the most severe and fatal diarrhea. Unimproved water sources remained the only strong 

predictors for the presence of these pathogens in infant drinking water. Therefore, strengthening 

maternal and child health programs with effective preventive interventions emphasizing the most 

common cause of infant deaths and those factors contributing to raising mortality risk is 

required. Due attention should be given to the reduction of diarrhea-related infant deaths through 

WASH intervention, taking into account the strong associated risk factors typically during the 

infantile period. Efforts should be made to improve water supplies, protect the sources, and 

educate caregivers of infants about safe drinking water practices and health. 

 

Key words: Cause of infant mortality, Diarrhea-related infant death, Risk factors, Water, 

Sanitation and Hygiene, Cryptosporidium, Shigella, Toxin-producing strain of E. coli, Rotavirus, 

Drinking water, LAMP 
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GLOSSARY OF TERMS   

Infant mortality: defined as the death of a live-born baby before his or her first birthday. 

 

Oligonucleotide: The term ―oligonucleotide‖ or ―oligo‖ usually refers to a synthetic laboratory-

made DNA or RNA strand (211). 

 

Molecular methods: can be defined as those methods that target macromolecules containing 

information about the identity of the microorganisms that produce them (131). 

 

Loop-mediated isothermal amplification (LAMP): is a rapid molecular method in which 

reaction performed in a single-tube under isothermal condition for the amplification of nucleic 

acid (DNA or RNA) by using Bst DNA polymerase with strand displacement for the detection of 

certain pathogen (140) 

    

Optimization: determination of optimum concentrations, temperature and time at which the 

LAMP functions to its best capacity both in terms of yield and specificity.  

 

Primer: is a short single-stranded DNA fragment used in molecular laboratory techniques in 

which pair of primers hybridizes with the sample DNA and defines the region that will be 

amplified, resulting in millions and millions of copies in a very short timeframe (212). 

 

Primer Sequence: defined as strand of short nucleic acid sequences that leads as a starting point 

for DNA synthesis.  

 

Toxin Producing E.coli: E.coli are a diverse group of bacteria that normally live in the 

intestines of humans and animals. Although most strains of these bacteria are harmless, some 

produce toxins that can make human to be sick and cause diarrhea (loose stool/poop) such as 

Shiga toxin-producing E. coli (STEC). 

 

Longitudinal survey: is a research design that involves repeated observations of the same 

variables (e.g people or groups) to detect any changes that might occur over a period of time.   
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CHAPTER ONE: INTRODUCTION 

1.1  Background of the study  

Infant mortality refers to "the death of a live-born infant before their first birthday"(1,2).The infant 

mortality rate reflect as not only a measure of the risk of infant death, but it is also used more 

broadly as a crude indicator of community health status, poverty and socioeconomic status levels 

in a community, and the availability and quality of health services and medical technology(3). It is, 

therefore, recognized as uniquely vulnerable to several factors that impact health, represents a 

long-standing concern for public health, and is an important marker of the overall health of a 

society(2). 

Globally, around 44% of all under-five deaths occurred during the neonatal period(4), and 75% 

occurred within the first year of life, with an estimated 4.1 million infants dying in 2017(5). More 

than 98% of these deaths occur in developing countries(6), and roughly half of those deaths occur 

in sub-Saharan Africa(6,7). Worldwide, the infant mortality rate has shown a decline from the rate 

of 63 deaths per 1000 live births in 1990 to 29 deaths per 1000 live births in 2017(5), yet the rate is 

at its highest level in the developing world(5,6). Evidence showed that Ethiopia has shown a 

remarkable improvement in the reduction of infant mortality(8–10). Despite this improvement, 

however, the infant death rate is still at its highest level, which stands at 59 deaths per 1000 live 

births, with a disproportionately higher rate among the population of some regions(9).The Afar and 

Oromia regions are among the highest in infant mortality. 

Infant deaths are intrinsically linked to several causes and factors. A cause is a base that leads 

directly to death, while a contributor is a risk factor that makes the death more likely to occur(11). 

Many different causes of infant mortality exist, from infection to birth defects or accidents. 

Multiple risk factors contributed to the occurrence of infant deaths, such as maternal and infant 

characteristics, socioeconomic conditions, maternal and child health care, quality and access to 

medical care, nutrition, the availability of safe water, sanitation and hygiene, and other public 

health practices(12,13). 

Determination of causes of death is a global concern, as around half of the world's children die 

without any formal registration of the cause of death(14). In such situation, verbal autopsy is the 

only available tool and best solution to determine the cause of death(15,16). Verbal autopsy 

interviews have been used by researchers and policymakers to determine the cause of death for 

many years(17). However, there is still a challenge in interpreting the cause of death from VA 

interviews in a reliable and consistent manner. Recently, a computer based algorism models have 

been developed. Among the available models, InterVA is a suite of computer models for 

interpreting verbal autopsy data that recognizes a range of indicators relating to a particular death, 

processes them in a mathematical model based on Bayes‘ theorem, and produces as its output the 

likely cause(s) of death(18). Taking its limitations into account from validation studies, the 2014 

WHO VA instrument was developed to ascertain all individuals‘ causes of death and describe 

cause-specific mortality fractions at the population level(19). 

According to global health estimates, there are many different causes of infant mortality(20). 

Among these, diarrhea is a major cause of morbidity and mortality in infants and children 
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worldwide(21). It is still appeared to be as one of the leading global killers (22,23) and disability-

adjusted life-years lost(24,25). According to the World Health Organization, more than half a 

million of diarrheal-related deaths reported among under five children each year in 

worldwide(26,27). In 2019, diarrhea was responsible for about 7.4 percent of all global causes of 

deaths to children <5 years of age (20). Around 90% of all diarrhea-associated deaths occur in 

children under five years of age, particularly in low-and-middle income countries(28,29).  

Despite a substantial reduction in the total annual number of diarrheal-related deaths observed in 

the world among children <5 years over the period 1990–2017, the number of deaths remained 

highest in some of the world‘s developing countries(30). According to the report, south Asia and 

sub-Saharan Africa were among the areas with the highest death rates, where 78% of childhood 

diarrheal deaths occurred (31). From all deaths, the top five countries where the most frequent 

diarrhea deaths occurred include Nigeria, India, Pakistan, the Democratic Republic of the Congo, 

and Ethiopia (31,32). While the majority of diarrhea cases occur in developing countries, 

developed nations also experience a considerable burden from diarrhea(33). 

Diarrhea has been shown to be one of the leading causes of infant mortality in Ethiopia (20,34), 

and its burden is still a serious concern (35–38). Although the number of children under five who 

died from diarrhea decreased from 16% to 8% between 2000 and 2016, the decline in diarrhea-

related deaths in this nation was found to be uneven(34). Diarrheal disease is the fourth leading 

cause of infant death in Ethiopia, responsible for a death rate of 136.6 deaths per 100,000 

populations by the year 2019 (20). The risk of contaminated water supplies, poor sanitation, and 

poor hygiene practices has a very substantial association with diarrheal death, which is attributed 

to 88% of diarrhea-related deaths(39–41). 

According to the WHO, diarrhea is commonly defined as the passage of loose or watery stools 

occurring three or more times in a 24-hour period and causing death by depleting body fluids, 

resulting in profound dehydration(42). It can be easily treatable and preventable(41–43). Most 

diarrhea-related deaths occur in small children(44,45). Infants (<1 year of age) are being placed at 

the highest risk of death from diarrhea among children under 5 years of age(33,46). Diarrhea can 

have a harmful impact on childhood growth and cognitive development(47). Hence, paying 

particular attention to this age group will have a marked effect on reducing infant mortality. There 

are multiple risk factors that are likely to be responsible for the cause of childhood diarrhea-related 

mortality. Along with biological and social factors, environmental factors such as unsafe water 

supply, poor sanitation, and insufficient hygiene practices are one of the main risk factors that 

contribute to the diarrheal death of infants(48–50), and are also the leading risk factors identified 

in the world(42,44,51). 

Diarrhea is typically a waterborne disease that is caused by an extensive range of pathogenic 

microbes, which include viruses, bacteria, and parasites, and are responsible for high morbidity 

and mortality rates in infants and children(52). The etiologic agents causing diarrhea are typically 

transmitted by the fecal-oral route to another person upon ingestion of contaminated water and 

food(53). Infants (<1 year of age) exposed to etiologic agents are much more likely to develop 

severe disease than the general population(54). Some of these agents can cause immediate 

morbidity and mortality, while others may not be noticed for many years. 
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According to the existing studies, there are pathogenic microbes responsible for causing the most 

severe and fatal diarrhea among infants worldwide. These studies reported that the most common 

causes were rotavirus, the protozoan Cryptosporidium, and bacteria, including Shigella and a 

toxin-producing strain of E. coli (55–57). These four etiologic agents account for more than 60% 

of diarrheal deaths in children under 5 years of age worldwide, including Ethiopia(32). 

Poor drinking water quality is continuing to pose a major threat to human health and remains one 

of the most significant challenges that the societies face (58). In addition, the role of drinking 

water as a carrier of disease-causing microbes is a major public health concern in many developing 

countries. Evidence suggests that a number of infants and children died from pathogenic organisms 

that occur in contaminated drinking water(59,60). Reportedly, unsafe water is continuing to be 

responsible for 72.1% of diarrhea deaths in children under 5 years old (31). The global initiative 

needs to conduct extensive studies on pathogenic organisms in drinking water and catalyze action 

to reduce morbidity and related deaths. 

The molecular-based techniques that involve direct DNA or RNA detection have been essential for 

the correct identification of species-specific pathogenic agents in drinking water samples. Several 

molecular methods, such as PCR, real-time PCR, and multiplex PCR assays, have been developed 

to detect the pathogens accurately(61). In recent years, advanced molecular techniques have been 

developed that guide the use of methods that amplify the nucleic acid material at isothermal 

conditions. Among these techniques, loop-mediated isothermal amplification (LAMP) is a 

powerful nucleic acid amplification method that is simple, highly sensitive, and specific, less time-

consuming than PCR-based methods, and less prone to inhibition from DNA preparations(62,63). 

It is ranked as the most frequently used method (64), and is also an important constituent for the 

efficient screening and testing of drinking water samples in resource limited settings(65). 

The occurrence of pathogenic microbes in infant drinking water is affected by a combination of a 

wide range of natural and human influences on water quality (66), many of which are inadequately 

understood. Based on the district sector offices report document, the eastern parts of Ethiopia are 

vulnerable to a recurring lack of access to and use of clean water, and infant diarrheal morbidity 

and mortality are commonly reported. 

1.2 Statement of the problem  

Determining the cause of infant death has been the worst and most serious concern in developing 

countries, and yet little is known about the cause of death in sub-Saharan Africa(67). 

Understanding the cause of infant death in any setting is still difficult, and Ethiopia is one of the 

countries with a lack of consistent and reliable cause of death information(68,69). This is due to 

the fact that most people die at home(68,70–72) and lose their lives without ever having contact 

with the healthcare system(70,73). Additionally, the civil registration systems are typically 

nonexistent, and there is limited medical capacity to issue death certificates for the general 

population(68). Given this circumstance, it becomes extremely difficult to comprehend infant 

health issues in general and eastern Ethiopians' health issues in particular. 
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In a situation where the majority of deaths take place at home and civil registration systems are 

insufficient, verbal autopsy is the only tool available and the best alternative approach to 

determining the cause of death(15,16). It is also frequently applied to estimate deaths by specific 

causes. However, there is still a challenge in interpreting the cause of death from VA interviews in 

a reliable and consistent manner. Recently, verbal autopsy data interpretation techniques using 

computerized methods have been developed. Among the existing models, InterVA is one of a suite 

of tools for interpreting verbal autopsy data that recognizes a range of indicators relating to a 

particular death, processes them in a mathematical model based on Bayes‘ theorem, and produces 

as its output the likely cause(s) of death(18). 

Infant deaths are intrinsically linked to several causes and influencing factors that need extensive 

studies. It is essential to look into the key causes of infant mortality at the population level and 

analyze the factors raising the risk of mortality due to each major cause. There is very little 

literature on the causes of infant deaths as compared to studies on neonates and children under the 

age of five, especially in Ethiopia. Few studies have examined the population-level causes of 

infant mortality. The existing studies were mainly conducted in hospitals and at demographic and 

health surveillance sites. Additionally, many studies have established the risk factors for dying 

among those who did not die, and no research has yet been done on the patterns of factors linked to 

the most frequent cause-specific infant mortality compared to all other causes of death. Without 

addressing this knowledge gap, it's difficult to plan the best solutions, and it's going to be hard to 

see the same level of progress in the reduction of infant mortality in the country that has been 

made in the last decade. 

Infant deaths from diarrheal disease have remained as one of a top national priority over the last 

decades (9,38). Diarrhea caused by the water-borne diseases is the fourth leading cause of infant 

death in Ethiopia, responsible for death rate of 136.6 deaths per 100,000 populations by the year 

2019 (20). Evidence suggests that unsafe water supplies, inadequate sanitation, and insufficient 

hygiene practices are contributing factors to 88% of deaths associated with diarrhea(39–41). In 

Ethiopia, an estimated 35.1% and 93.7% of households lack access to improved water supply and 

sanitation, respectively, and yet the rate of hand washing with soap remains low (17.6%)  (38). The 

regions that reside in the eastern part of Ethiopia have been known as one of the areas where the 

highest rates of diarrheal morbidity and mortality are observed (38). According to the medical 

report of the health sector, diarrhea is one of the top ten causes of morbidity in the districts located 

in eastern Ethiopia. However, studies that look at risk factors for diarrheal death are rare (49). 

Indeed, a large number of studies have focused on children under five, mostly in the area of 

diarrheal morbidity (51), and studies on the factors that increase the risk of diarrhea-related death, 

particularly in infants, are scarce and have not yet been examined in the study area. Hence, there is 

a need for such a study because it will assist public health practitioners in better understanding 

how to select strategies and measures to reduce diarrhea-related mortality. 

The pathogenic microbes known to cause the most severe and fatal diarrhea in infant have been 

identified (31,55,57), which include rotaviruses, Cryptosporidium, Shigella, and an E. coli strain 

that can produce toxins. These four etiologic agents together accounted for more than 60% of 

diarrheal deaths in children <5 years old in Ethiopia(32). Evidence suggests that a number of 

children died from an illness caused by these pathogenic agents that thrive in contaminated 
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drinking water(59,60). The presence of pathogens in infant drinking water is commonly associated 

with water quality determinants such as the improvement status of the water source, drinking water 

storage hygienic status, practices of water treatment at the point-of-use, water fetch time, water 

point location, and the presence of residual chlorine.  

To date, there have been no studies that examined molecularly detected pathogens in infants' 

drinking water along with the corresponding water sources and their relationship with water 

quality determinants. Therefore, it is crucial to identify the most deadly pathogens in infant 

drinking water at the moment of use, correlation with water sources, and their association with the 

factors that affect their presence in drinking water using the molecular technique known as LAMP. 

Without solid evidence of such information, it would be difficult to develop effective interventions 

and target countermeasures against severe and fatal infant diarrhea. 

1.3 Research Questions and Hypothesis 

1.3.1 Research Questions  

The following research questions were answered by this dissertation. 

 What are the causes of infant death in the study area? 

 What specific factors are differently associated with the most common cause of infant 

death as compared to mortality from all-causes?  

 What factors significantly influencing diarrhea-related infant death? 

 What is the prevalence of pathogens causing the most severe and fatal diarrhea (rotavirus, 

Cryptosporidium oocyst, Shigella species, and toxin-producing E. coli) in infants' drinking 

water samples at point-of-use and the corresponding water sources? 

 What water quality determinants influence the presence of rotavirus, Cryptosporidium 

oocyst, Shigella species, and toxin-producing E. coli in infants' drinking water samples at 

household level? 

 

1.3.2 Research Hypothesis   

To better understand the implications of the research questions findings, the associated factors 

among the targeted infants will be examined through the following hypotheses:  

Hypothesis 1: There is no variation on causes of infant mortality from what is known nationally by 

type and magnitude.   

Hypothesis 2: The pattern of factors associations has no variation in each common cause of infant 

mortality against all-causes of infant death together. 

Hypothesis 3:  There is no significant relationship among socio-demographic, water, sanitation, 

hygiene components, and diarrhea-related infant death  

Hypothesis 4:  There is no variation of prevalence of rotavirus, Cryptosporidium oocyst, Shigella 

species, and toxin-producing E. coli in infants' drinking water samples at point-of-use and the 

corresponding water sources. 
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Hypothesis 5:  There is no significant association difference between water qualities determinates 

and the presence of each waterborne pathogen (rotavirus, Cryptosporidium oocyst, Shigella 

species, and toxin-producing E. coli) in infants' drinking water samples at point-of-use.  

 

1.4 Objectives of the study 

1.4.1 General Objective 

The general objective of this study was to determine the cause of infant deaths at the population 

level and analyze patterns of associated factors among the most common deaths; identify  factors 

contribute to diarrhea-related infant deaths; and detect pathogens that cause severe and fatal 

diarrhea from infant drinking water and analyze their relationship with water quality determinates 

in eastern Ethiopia. 

 

1.4.2 Specific Objectives     

 To determine causes of infant death using InterVA-4 model and investigate the patterns of 

factors affecting the major cause-specific mortality as compared to mortality from all-

causes (Paper I). 

 To identify factors influencing diarrhea-related infant mortality (Paper II). 

 To detect pathogens causing the most severe and fatal diarrhea (rotavirus, Cryptosporidium 

oocyst, Shigella species, and toxin-producing E. coli) in infants' drinking water samples at 

point-of-use and the corresponding water sources and analyze their relationship with water 

quality determinants (Paper III) 
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1.5 Scope of the study 

This study dealt with the determination of the cause of infant deaths at the population level, 

examine patterns of associated factors among the most common deaths, pinpoint the factors that 

contribute to infant deaths related to diarrhea, find the pathogens that cause severe and fatal 

diarrhea from infant drinking water, and assess how these pathogens relate to factors affecting 

water quality. This study was conducted within its boundary of randomly selected districts in 

Eastern part of Ethiopia. These include Chiro, Mieso, Gemechis, and Tullo districts of the West 

Hararghe administrative zone of Oromia, as well as the Amibara and Awash Fentale districts 

located under zone 3 administration of the Afar region. 

1.6 Rationale of the study 

Evidence showed that the cause of infant deaths and the factors that contribute to common causes 

of death at the population level were not properly identified and recorded. Majority of the existed 

studies were conducted in hospitals and on demographic and health surveillance sites. 

Furthermore, the contributing variables to infant death from diarrhea were not thoroughly studied. 

Most of the studies focused on associated factors with diarrhea cases, which may have resulted in a 

lack of clear evidence for diarrhea-related death. This may lack to obtain clear evidence for 

diarrhea-related death. The most prevalent waterborne pathogens that responsible for infant deaths, 

especially in infant drinking water, were not identified or examined using the water quality 

determinants. Therefore, addressing this knowledge gap through a variety of methodological 

approaches helps to obtain sufficient information to implement interventions that aimed at 

reducing infant mortality. 

1.7 Significance of the study  

Information on the causes of infant deaths is essential for developing sound public health policies 

and strategies(15). Emphatically, detecting and generating empirical information on the cause of 

infant death and patterns of association factors on cause-specific mortality at the population level 

is the first priority and basically essential to taking evidence-based measures. This study, therefore, 

contributes to filling the knowledge gaps that exist on cause-specific fractions of infant mortality at 

the population level in a local setting as well as the pattern of the associated factors among the 

most common cause-specific infant deaths compared to deaths from all other causes. This unique 

approach would help to better understand the factors that largely have an effect on multiplying 

infants' risk of death from specific causes of illness or conditions, predominantly focusing on 

diarrhea-related infant deaths. This could be important for developing effective and efficient public 

health strategies and interventions, which will ultimately reduce the burden of infant mortality. 

Attention to this condition is important if the Sustainable Development Goal (SDG)-goal 3 target 

3.2 (to reduce childhood mortality) is ever to be achieved by 2030(74). 

Despite numerous studies showing a connection between risk factors and infant diarrhea cases, 

there is a gap in knowledge of the factors that may contribute to diarrhea-related infant mortality. 

Therefore, understanding the risk factors such as drinking water, sanitation, and hygiene associated 

with diarrheal-related infant mortality is an important step in reducing the infant mortality rate. 
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This study is assumed to fill the existing knowledge gap and enable policymakers and decision-

makers to develop preventive strategies that can help infant survival against diarrhea. 

Many waterborne pathogens may cause diarrhea morbidity that leads to death and focusing on the 

most serious and fatal ones are important to bring death rates down. Testing drinking water for the 

most severe and fatal etiologic agents is crucial for determining the best public health interventions 

to be implemented. There was absolutely no examination of the quality of the water that included 

the precise detection of pathogens that frequently cause morbidity and mortality, particularly in 

infants. Thus, this study contributes to closing the knowledge gap in this area. Additionally, this 

study offers helpful details on the key elements that significantly influence the presence of each 

targeted pathogen in infant drinking water. Therefore, this study helps policymakers to design the 

right strategies and may serve as a platform for future research. 

1.8 Oprational Definition 

Improved water source: defined as those that are likely to be protected from outside 

contamination, and from faecal matter in particular. This includes Piped water into 

dwelling/yard/plot, Public tap/Standpipe, Tubewell/borehole, Protected dug well, Protected spring, 

Rainwater and Bottled water; whereas unimproved water source includes Unprotected dug well, 

Unprotected spring, Surface water (river, dam, lake, pond, stream, canal, irrigation channels), Cart 

with small tank/drum, Tanker-truck (200)  

 

Water Accessible: People access to 25 liters per capita per day within 1km radius from improved 

water supply sources for rural community (199). 

 

Households adequate water treatment at point-of-use: Boiling, add bleach/chlorine, water filter 

(ceramic, sand, composite) and solar disinfection (200). 

 

Safe Water Storage: Water stored in plastic, clay or metal pot narrow mouth (usually diameter of 

3cm or less), have a lid or secured cover and a tap (spigot), cleaned and kept cover (38), while its 

reverse could be taken as unsafe water storage. 

 

Improved Sanitation: flush/pour toilet, Ventilated Improved Pit (VIP) latrine, simple pit latrine 

with slab (slab that can be cleaned), and composting toilet. Whereas unimproved sanitation  

facilities include: Flush/pour-flush latrine that empties elsewhere without connection to a piped 

sewage system, septic tank, or pit, Flush/pour-flush latrine with unknown drainage, Pit latrine 

without slab/open pit, Bucket latrine (where excreta are manually removed), Hanging toilet/latrine, 

Open defecation in field or bush, into plastic bags (‗flying toilets‘), and any other type of 

defecation (200). 

 

Access to hand washing facilities near to latrine: Presence of hand washing station within 3 

meters of the latrine with water and soap/substitute. 
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Critical time of Hand washing: Hand washing with soap or substitute at critical times (the most 

recommended occasions): after using latrine, after cleaning child bottom, before preparing food, 

before feeding child, before breastfeeding.  

 

Safe disposal of children’s faeces: Child used toilet/latrine, put/rinsed faeces into the toilet/ 

latrine and buried the faeces whereas  ―unsafe” (put/rinsed into a drain or ditch, thrown into 

garbage, and left in the open) (200). 

 

Proper Solid Waste Management: households dispose their wastes to waste collection tank, 

provide to private waste collection groups, buried and/or burn, and composting.  

 

Proper liquid Waste Management: Households dispose their liquid wastes through infiltrate to 

the ground, cesspool (a pit dug in the ground to receive liquid waste) and dumping to municipal 

disposal sites. 

 

1.9 Organization of the dissertation  

This dissertation report was organized in compliance with AAU guideline 2011 and was typically 

structured in the form of a monograph as per the requirements for the degree of Doctor of 

Phylosophy.  Accordingly, this report is organized into three main sections. 1) Preliminary, which 

includes the title (cover page), declaration of the original literary work, abstract, 

acknowledgement, table of contents, list of figures, list of tables, list of abbreviations, list of 

appendices, and glossary of terms and words; 2) Main body, which was divided into six chapters, 

namely: Chapter 1: Introduction, Chapter 2: Literature Review, Chapter 3: Methodology, Chapter 

4: Results, Chapter 5: Discussion, Chapter 6: Conclusion and References; finally the 3) 

Supplementary, which includes the List of publications and the Appendix   
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CHAPTER TWO: LITERATURE REVIEW  

2.1  Cause of Infant Mortality: World Wide and Ethiopia 

According to World Health Organization, the underlying cause of death is defined as the disease or 

injury that initiated the chain of morbid events leading directly to death(75). Infant mortality can 

be caused by a variety of conditions, such as infection, birth defects and accidents(11). The leading 

causes of infant mortality worldwide include preterm birth complications, interapartum-related 

events (birth asphyxia or inability to breathe at birth), infections such as sepsis or meningitis, and 

congenital abnormalities(5,11,20). The major causes of infant death in developed countries, which 

tend to occur in the neonatal period, are low birth weight, prematurity, birth complications, and 

congenital defects; in developing countries, they are vaccine-preventable infectious diseases, 

diarrhea and dehydration, and respiratory illness, all complicated by malnutrition(76). Among the 

overall causes of infant deaths in developing countries, about 86% are due to infections, premature 

births, complications during delivery, perinatal asphyxia, and birth injuries(77). 

In Africa, less is known about the causes of infant deaths than about mortality rates and trends, and 

none of the sub-Saharan African nations, not even Ethiopia, has a reliable national system for 

registering deaths(68,69,78). According to findings of studies on the causes of infant and children 

deaths in nine regions of Africa; low birth weight, birth trauma, and congenital malformations 

were the major causes of neonatal mortality. In contrast, during the post-neonatal period, diarrheal 

illnesses are typically rated first, followed in variable order by ALRI-pneumonia, malaria, and 

measles(78). 

A community-based birth cohort study conducted for a period of one year ( from july 2005 to June 

2006) in rural Aligarh, India, revealed that birth asphyxia, diarrhea, pneumonia, and preterm 

(including low birth weight and malnutrition) were the leading causes of infant 

mortality(12).These cause of death was ascertained using the standard verbal autopsy procedure. 

Among 37 reported deaths in children under one year of age, birth asphyxia (40.9%) and preterm 

(including low birth weight) (27.3%) were the two main causes of neonatal deaths in this study. 

The remaining causes of death (4.6%) included pneumonia, diarrhoea, tetanus, newborn sepsis, 

neonatal jaundice, and congenital abnormalities. In this study, pneumonia and diarrhea accounted 

for 80% of deaths during the post-neonatal era. 

According to data analysis from global health estimates, there are some similarities between the 

major causes of infant mortality in Ethiopia and those in other developing nations and other parts 

of the world(20). In Ethiopia, the most frequent causes of infant mortality are repetitive and have 

evolved somewhat over the past decades. However, as they are now, the leading and most common 

causes of death are still neonatal conditions, lower respiratory infections, congenital 

malformations, diarrheal disease, meningitis, and measles. Based on global health estimates, the 

top ten causes of infant death in Ethiopia as of 2019 were protein-energy malnutrition, measles, 

meningitis, whooping cough, tetanus, lower respiratory infections, congenital abnormalities, 

diarrhea disease, and neonatal conditions(20)  
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A population-based cohort of 3684 births study that was conducted under the Kilite Awlaelo 

Health and Demographic Surveillance System were followed up to their first birthday or death, 

between September 11, 2009 and September 10, 2013 (79). In this study, a review of verbal 

autopsy by medical professionals was performed for 147 infant deaths and was reported that 

bacterial sepsis (32.5%), prematurity (23.7%), and birth asphyxia (13.8%) were the three leading 

causes of death during the neonatal period, while acute lower respiratory tract infections (ALRTI) 

(17.9%), bacterial sepsis (14.9%), and intestinal infections including diarrheal diseases (11.9%) 

were the leading causes in post-neonates. 

A multilevel analysis of a prospective follow-up study that was conducted to identify the 

determinants and causes of neonatal mortality among 3463 neonates from September 2012 to 

December 2013 in Jimma Zone, Southwest Ethiopia (80). In this study, out of the total 110 

neonatal death occurred, birth asphyxia (47.5%), neonatal infections (34.3%), and prematurity 

(11.1%) reported to be the three leading causes of neonatal mortality, accounting for 93%. Another 

prospective cohort study that was conducted among neonates born between April 2014 and July 

2014 in seven hospitals, in Tigray region, Ethiopia indicated that prematurity (34%), asphyxia 

(31%), and infections (12%) were reported to be the main causes of neonatal death (81).  

A retrospective cohort study among 2090 live born neonates admitted to Nekemte referral 

hospitals neonate care unit conducted from 2010 to 2014 revealed that, among the 183 deaths 

recorded, infections (60%), asphyxia (23%), preterm (16%), and congenital deformity (1%), were 

the causes of neonatal mortality (82). In a facility-based prospective follow-up study, preterm birth 

complications (28.6%), birth asphyxia (22.5%), neonatal infection (18.4%), meconium aspiration 

syndrome (9.2%), respiratory distress syndrome (7.1%), and congenital malformation (4.1%) were 

found to be the causes of neonate death among 98 deaths of neonates from 489 admitted to 

neonatal intensive care units of public hospitals from November 1 to December 30, 2018,  in 

eastern Ethiopia (83). 

 

2.2 Determination of Cause of Death  

The majority of deaths in Ethiopia occur at home, and medical professionals do not routinely 

certify the reason of death, as a result, accurate causes of death information is frequently lacking 

(84). In principle, the medical professional who signs the death certificate is responsible for 

determining the cause of death(75). They specify which morbid conditions directly caused death 

and any antecedent conditions that contributed to the underlying cause of death. However, in the 

majority of poor nations, this is not practically feasible. As an alternative, verbal autopsy has 

emerged as a significant source of information regarding the causes of death in populations lacking 

medical certificate(75,85).  

A verbal autopsy is an interview conducted with the deceased's family or caregivers using a 

standardized questionnaire to collect signs and symptoms and other important information that can 

later be utilized to determine the most likely underlying cause of death(75). It is primarily used as 

a research tool in the context of longitudinal population studies, intervention research, or 

epidemiological studies; secondly, it has developed into a source of cause-specific mortality data 

for use in policy, planning, priority setting, and benchmarking; and thirdly, it is gaining acceptance 
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as a source of cause-specific mortality data for tracking advancement and determining what works 

and what doesn't(19). 

Verbal autopsy interviews have been conducted for many years by researchers and policymakers to 

determine the cause of death(17). However, there is still a challenge in determining the cause of 

death from VA interviews in a reliable and consistent manner. Verbal autopsy data interpreted by 

the physician review approach is time-consuming, costly, and inconvenient(16,86,87). In recent 

years, computerized methods for determining the cause of death have been introduced and provide 

an analysis solution that is more convenient, consistent, and rapid ways to interpret verbal autopsy 

data(86). The analytical software tools that are available for cause of death assignment without the 

involvement of physicians include InterVA, SmartVA/Tariff 2.0, InsilicoVA, King-Lu, Simplified 

Symptom Pattern (SSP), and Random Forest(87). 

 

InterVA is one of a suite of computer models for interpreting verbal autopsy data and recognizes a 

range of indicators relating to a particular death, processes them in a mathematical model based on 

Bayes‘ theorem, and produces as its output the likely cause(s) of death.(18). 

 

2.3 Patterns of associated factors (Specific-cause of Infant death Versus all-cause)   

According to the reviewed literatures, numerous researches have examined the variables linked to 

a particular cause of infant mortality in comparison to those who did not die. There is, however, 

limited information on how the variables linked to the primary specific cause of infant mortality 

compare to the variables linked to deaths from other causes.  

Acute respiratory infections (ARIs) have been proven to be a major cause of infant mortality. A 

case-control study was conducted between April 1, 2014 and December 31, 2016 to identify risk 

factors among children <5 years old who died of ARI at home in Buenos Aires, Argentina(88). In 

this study, 104 died childrens was participated and found that infants under the age of 12 months 

accounted for 87.5% of all deaths linked with ARI. Additionally, it was discovered that there were 

significant positive associations with living in a crowded home (AOR 3.73, 1.41-9.88), having an 

adolescent mother (OR, 4.89; 95% CI, 1.37-17.38), lacking running water in the home (OR, 4.39, 

1.11-17.38), incomplete vaccination for age (OR, 3.39, 1.20-9.62), being admitted to a neonatal 

intensive care unit (OR, 7.17, 2.21-23.27), and not visiting the emergency care unit during the ARI 

episode (OR 72.32, 4.82-1085.6). 

A cohort study conducted using linked administration data for 2003-2013 in Ontario reported that 

children born to teenage mothers were an independent risk factor for RTI-related death(89). A 

prospective post-mortem verbal autopsy study conducted in 307 deaths of young children in 

Bangladesh, from 2008 to 2012, found that delayed treatment seeking (by ≥ 2 days) behavior and 

access to care from multiple sources for treatment were 4.9 and 5.7 times more likely to be died 

from pneumonia than those who died from other causes, respectively(90). 

According to various studies, post-neonatal infants were more likely to die from diarrhea than 

neonatal infants (91,92). Male sex and a low 5-minute Apgar score were found to be significant 

risk factors for diarrheal mortality in the study on infant and maternal risk factors for diarrhea-

associated infant mortality in the United States during 2005–2006(91). According to this study, 
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infants with older maternal age had a higher chance of dying from diarrhea among infants with low 

birth weight, while infants with younger maternal age had a higher chance of dying from diarrhea 

among infants with normal birth weight. A combined time series analysis of seasonality, climate 

region, and clinical syndromes from 243,000 verbal autopsies in the nationally representative 

million death study between 2005 and 2013 was carried out in Mexico, and found that the 

distribution of diarrheal mortality was more pronounced in the summer(92). 

According to a cross-sectional study done during 2009 in Benin City, Nigeria, males were more 

likely than females to experience severe birth asphyxia and mortality(93). In a similar vein, a one-

year prospective observation study conducted from 2018-2019 in India found that boys died from 

birth asphyxia at a greater rate than females(94).With regard to prematurity, a study conducted 

from November 1 to December 30, 2018 in intensive care units in Ethiopia reported that from 98 

deaths, low gestational age, low birth weight, being female, feeding issues, no antenatal care visit, 

and vaginal delivery among mothers with higher educational levels were identified as significant 

risk factors for prematurity-related deaths (83). 

A special analytical study on the relationship between early childhood mortality and malaria 

conducted on Malawi DHS of the year 2000 reported that children were significantly at greater risk 

if their mother had a lower age relative to an older age(95). A pooled cohort study conducted 

between june 1999 and December 2004 in rural north-western Burkina Faso showed that 443 

deaths were registered with malaria accounting for 49% of all deaths and malaria were 

significantly different between village clusters(96). According to a study on seasonal patterns of 

malaria and all-cause mortality from a longitudinal study with 60,000 individuals covers the period 

1999-2003 of DHS in rural northwestern Burkina Faso indicated that infant mortality caused 

specifically by malaria showed distinct seasonal trends and was higher during the rainy 

seasons(97). 

2.4 Diarrhea-associated Infant Death 

As per the WHO, diarrhea is commonly defined as the passage of loose or watery stools occurring 

three or more times in a 24-hour period and causing death by depleting body fluids, resulting in 

profound dehydration(42). 

According to the World Health Organization, there are nearly 1.7 billion cases of childhood 

diarrheal disease every year and more than half a million diarrheal deaths occur among children 

under 5 each year worldwide (42).Infants account for fifty percent of these fatalities (40). Diarrhea 

was responsible for about 9 percent of all worldwide deaths among children <5 years in 2019 (42). 

Diarrheal illnesses remain the second most common cause of death among children under five 

globally, following closely behind pneumonia (40,42). The death toll exceeds that of AIDS, 

malaria, and measles all together (40).  

At the global level, the total annual number of deaths from diarrhea decreased by 67.9 percent 

among children <5 years between 1990 and 2017 (98); however, mortality rates are still highest in 

some developing countries, with 78% of these deaths occurring in south Asia and sub-Saharan 

Africa(31). The top five countries where the most diarrhea deaths among children occurred in 2016 

include Nigeria, India, Pakistan, the Democratic Republic of the Congo, and Ethiopia (31,32). 
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Although the burden is highest in low-income populations who have limited access to clean water, 

sanitation facilities with poor hygiene practices, and weak emergency medical care, diarrhea is also 

a frequent reason for outpatient visits and hospital admissions in high-income countries(33). 

Diarrhea has been identified as one of the major causes of infant mortality in Ethiopia (20,99). It 

was discovered that the fall in diarrheal mortality in this country was inconsistent, even though the 

percentage of children under five who died from the condition decreased from 16% to 8% between 

2000 and 2016 (99). By the year 2019, diarrhea was the fourth most common cause of infant 

mortality in this nation, accounting for 136.6 newborn deaths per 100,000 populations (99).  

2.5 Risk of Water, Sanitation and Hygiene on Diarrheal-related Infant-death 

Lack of access to safe water and sanitation, along with poor hygiene practices, are the main 

contributors to the incidence of infectious diseases, resulting in infant and child mortality. 

Evidence suggests that unsafe water, inadequate sanitation, and insufficient hygiene are 

responsible for about 88 percent of deaths related to diarrhea (39–41). 

A retrospective analysis of data from 145 countries reported that there were 1.50 million diarrhea-

related deaths in the year 2012, of which 502,000 deaths were due to inadequate water, 280,000 to 

inadequate sanitation, and 297,000 to insufficient hand hygiene(100). A systematic analysis for the 

Global Burden of Disease study from 235 causes of death for 20 age groups in 1990 and 2010 

revealed that unsafe water (72.1%) and unsafe sanitation (56.4%) were found to be the second and 

third leading risk factors of diarrheal death among children younger than 5 years, respectively, and 

a lack of access to hand washing facilities was responsible for 34% of the risk(101).  

Few published studies exist that explore infant mortality from diarrhea and the risk associated with 

water, sanitation, and hygiene. A population-based case-control study conducted in 170 infant 

deaths from diarrhea (cases) and 340 controls from the period December 24, 1984 to December 23, 

1985 in the metropolitan areas of Porto Alegre and Pelotas in southern Brazil reported that the 

unavailability of piped water was the only association that remained statistically significant with an 

increased risk of infant death from diarrhea after adjustment for confounding factors(49). In this 

study, those without easy access to piped water were found to be 4.8 times more likely to suffer 

infant death from diarrhea (95% confidence interval 1.7 to 13.8), and those with water piped to 

their plot but not to their house had a 1.5 times greater risk (95% confidence interval 0.8 to 3.0).  

An ecological study conducted in 2001 to examined the variations in diarrhoea-specific infant 

mortality rates among municipalities in the State of Ceará, north-east Brazil, found that 

household‘s access to inadequate water supply was an important determinant of infant mortality 

due to diarrhea (102). A study on the impact of water and sanitation on childhood mortality  

conducted using Demographic and Health surveys, 2003-2013 in Nigeria reported that both 

unimproved water and sanitation were linked to a significant 38% higher risk of mortality (103). 

A study that used demographic and health data from 70 low and middle-income countries over the 

period 1986–2007 found that children living in dwellings with high-quality toilet facilities were 

associated with a 15–23% lower risk of mortality than those living in homes without toilet 
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facilities(104). According to the HALA ABOU-ALI assessment on the impact of water and 

sanitation on child mortality using DHS between November 1995 and January 1996 in Egypt, 

access to municipal water decreases the risk of death, and sanitation has been found to have a more 

pronounced impact on mortality than water(105).  

Esrey et al analysed 144 studies and investigated the strong relationship between improved water 

supply and sanitation and children's health, resulted in a 55% reduction in child mortality, which 

suggests that water and sanitation have a substantial impact on child survival(106). An 

interventional (experimental) study conducted from a period of 2012-2014 in Kenya showed that 

household water treatment, particularly the use of chlorinating water solutions, significantly lowers 

infant mortality by 65%(107).This study suggested that this may have been due to reduced 

diarrhea, although other adopted health behaviors could also have contributed to the reduction in 

mortality. The study of infant and child mortality in Ethiopia using the 2000 and 2005 EDHS data 

revealed that the availability of safe drinking water (pipe) and toilet facilities (flush and latrine pit) 

decreased the risk of infant mortality by 34% in comparison to other categories (without safe 

drinking water and without the availability of toilet facilities)(108). 

2.6 Waterborne pathogens causing the most severe and fatal diarrhea 

Various waterborne pathogens cause diarrhea and fluid loss, which all too frequently lead to severe 

dehydration and mortality. Rotavirus, adenovirus, norovirus, Amoebiasis, Cryptosporidium, 

Shigella, Cholera, Campylobacter, Clostridium difficile, Aeromonas, non-typhoidal Salmonella, 

enterotoxigenic, and enteropathogenic E. coli are the main organisms responsible for child deaths 

from diarrheal disease (32). Four microbial pathogens are reported to be responsible for the 

majority of the severe and deadly diarrhea cases among infants worldwide, which include 

rotaviruses, the protozoan Cryptosporidium, and two bacteria: Shigella and an E. coli strain that 

produces toxins (57,109).  

 

According to the WHO, rotaviruses are the most common cause of severe diarrhea disease in 

infants and young children worldwide(110).The Global Burden of Disease study estimated that 

rotavirus would cause more than 258 million infections and nearly 128,515 deaths among children 

under 5 years old globally by the year 2016 (31). Rotavirus are responsible for up to 500,000 

diarrhea deaths  in developing countries each year (111).  

 

In most developing countries, rotaviruses affect the vast majority of children, particularly before 

the first birthday. A global review indicated that in countries with very high child mortality, 69% 

of rotavirus-positive admissions in children <5 years of age occurred in the first year of life (112). 

An observational trend study of rotavirus-associated deaths from 1990–2019 indicated that 

rotavirus was shown to be the leading global pathogen of diarrhea-associated mortality, 

representing 19.1% of all diarrhea-related deaths in 2019 (113). This study also showed that 

rotavirus caused a higher death burden in African, Oceanian, and South Asian countries in the past 

three decades. Ethiopia is among the five countries with the highest rotavirus burden, accounting 

for six percent of the global rotavirus deaths (114,115). Rotavirus is responsible for 28% of 

hospitalizations  and 6% of deaths of under-five children in Ethiopia(114), where it takes the lives 

of more than 28,000 children each year (115). 
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Cryptosporidium accounts for 30–50% of deaths in infants and children worldwide, which is the 

second leading cause of diarrhea and deaths in children, following rotavirus (116,117). A meta-

analysis study estimated that Cryptosporidium infection in children under 5 years was associated 

with 44.8 million diarrheal episodes and 48,300 deaths globally in 2016 (118). In this analysis, it 

was reported that 75% of episodes and 88% of deaths occurred in Africa, and the effect is higher in 

infants than in older children. MØlbak K et al indicated excess mortality in children who had a 

Cryptosporidium infection in infancy, and this mortality persisted into the second year of life 

(119). Cryptosporidium is endemic in Ethiopia and exhibits one of the highest rates, with an 

estimated 1.35 million episodes and 1,143 deaths by the year 2016 (118). 

 

Bacterial pathogens such as Shigella and enterotoxigenic Escherichia coli (ETEC) are frequently 

associated with diarrheal illness and are a major source of morbidity and mortality globally (120). 

By the year 2016, Shigella was responsible for an estimated 74.7 million episodes and 63,713 

deaths among children younger than 5 years, which accounted for 13% of deaths from diarrhea 

cases (31,120).  

 

ETEC causes about 75 million episodes in children under 5 years of age globally, resulting in 

between 18,700 and 42,000 deaths as per the MCEE and IHME estimates, respectively (121). 

ETEC was responsible for about 4.2% (2.2–6.8) of diarrhea deaths in children younger than 5 

years (120). A study to quantify ETEC and Shigella morbidity and total mortality showed that 

Ethiopia exhibited an estimated Shigella episode of 419,014 and total Shigella deaths of 1,576 of 

under 5 children, whereas 383,244 episode and 1,393 total deaths for ETEC's in 2016 (122).  

2.7 Detection of Specific-Waterborne Pathogens in Infant Drinking Water 

Waterborne pathogens pose a severe and expanding threat that is spreading infectious diseases and 

continuing to have an impact on people health all over the world (123). Most of these pathogens 

are enteric in origin, which implies that they are excreted in faecal matter and then enter new hosts 

by ingestion (also known as the faecal-oral pathway) (53).  Water is a primary means of spreading 

these pathogenic agents, either directly through ingesting contaminated water or indirectly through 

its usage in the manufacturing and/or processing of food (124). According to varies studies, there 

is a significant frequency of diarrheal disease among children and infant due to the usage of 

contaminated water (36,42,125).  

 

Since it can be challenging to identify and isolate many waterborne pathogens, researchers and 

public health officials frequently check nonpathogenic fecal markers of bacteria such as total 

coliform, fecal coliform, E. coli, and fecal Streptococci and Enterococci (126,127). The isolation 

of the aforementioned indicator organisms uses conventional techniques for testing water quality, 

such as MPN, filter membrane, and present and absent assays. These techniques, however, cannot 

identify particular pathogenic species in drinking water (128,129). Additionally, the presence of 

these microbial indicators does not necessarily indicate the presence of pathogens (130), and their 

absence does not necessarily indicate that there are no pathogens in the water (131). As studies 

suggested, the absence of indicator organisms in a water quality examination does not necessarily 

mean that the water is safe, especially from protozoa and viruses(132). 



17 
 

The introduction of molecular assays has significantly improved and simplified the detection and 

identification of microorganisms in the environment (133). Nucleic acid-based amplification 

techniques, such as PCR, have been developed to detect microbial pathogenic species directly in 

drinking water samples among a wide spectrum of molecular techniques (134). This method 

procedurally consists of the concentration of the target organism from the sample, nucleic acid 

extraction from the target organism, genomic segment amplification, and quantification of the 

amplified genomic segments (135).  

 

Recently, new advances have led to the use of methods that amplify the nucleic acid material at 

isothermal conditions. This techniques include nucleic acid sequence-based amplification 

(NASBA), strand displacement amplification (SDA), isothermal multiple displacement 

amplification (IMDA), rolling circle amplification (RCA), helicase-dependent amplification 

(HDA), single primer isothermal amplification (SPIA), single-mediated amplification of RNA 

technology (SMART), circular helicase-dependent amplification (cHDA), recombinant polymerase 

amplification (RPA), polymerase spiral reaction (PSR), and loop-mediated isothermal 

amplification (LAMP) (131). 

 

The use of molecular methods has grown, particularly when looking for the detection of 

waterborne pathogens(136,137). Direct DNA detection-based molecular approaches, which are 

now used in water analysis, do have the advantage of providing a definitive signal of whether a 

particular organism is present or not. They can be used to assess the water's microbiological 

quality, the effectiveness of pathogen elimination in drinking water, and the safety of wastewater 

treatment plants. In comparison to culture and other conventional approaches, PCR offers a 

number of benefits for the detection of microbial pathogens in water (138). The results of a study 

comparing the PCR method with the MPN (Most Probable Numbers) method for identifying 

coliform bacteria in water showed that, of the total of 18 samples of well drinking water tested, 3 

samples were positive for the MPN method and 8 samples for the PCR method (139). This result 

clearly demonstrated that PCR is more sensitive than MPN. 

 

Eiken Chemical Co., Ltd. developed the "LAMP" method, which stands for Loop-mediated 

Isothermal Amplification, which is a simple, rapid, specific, and cost-effective nucleic acid 

amplification method (140). This method is characterized by the use of four different primers 

specifically designed to recognize six distinct regions on the target gene, with the process being 

carried out at a constant temperature (ranging between 60 - 65 °C) using a strand displacement 

DNA polymerase. The techniques are often based on the identification and measurement of 

particular DNA or RNA fragments from the pathogen's genome. The particular segments are 

amplified in vitro in order to attain the detection level. This technique enable the quick and precise 

detection of pathogens that pose a threat to public health (137). It follows these steps: (i) 

concentrating the target organism from the environmental water sample into an appropriate volume 

(if necessary); (ii) extracting the target organism's RNA or DNA; (iii) amplifying the selected 

genomic segment(s); and (iv) detecting (or quantifying) the amplified genomic segment(s) (141). 
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2.8 Prevalence of Cryptosporidium, Shigella, Toxin Producing E.coli and Rotavirus 

in drinking water at household’s level and water sources 

2.8.1 Prevalence of Cryptosporidium species in drinking water 

A study conducted in 2010 by Xiao-Ping Zhang et al investigated Cryptosporidium species in 

drinking water and source water by a procedure of micromembrane filtration, immune magnetic 

separation (IMS), and immunofluorescent assay (IFA) in Shanghai (142). In this study, no 

Cryptosporidium oocysts have been detected from 156 drinking water sample of the communities, 

but they were found in 6.7% from 70 source water samples. In Mongolia, a cross-sectional study 

implemented a household risk factor survey at 250 home sites between April and October, 2017 

indicated that five of water samples of households (2%) were positive for Cryptosporidium species 

using multiplex real-time PCR (143).  

A cross-sectional laboratory based study conducted by Kifleyohannes T. et al. in Tigray, Ethiopia, 

during the period from October 2018 until January 2019 found that 2 (5%) of 37 water samples 

tested positive for Cryptosporidium using the standard ISO 15553 method (144). The water sample 

testing carried out around Addis Ababa, Ethiopia, in 2011 using immunofluorescent antibody 

testing (IFAT) reported that 15 (21%) of the 72 tap water samples and 6 (35%) of the 17 storage 

tank samples examined for Cryptosporidium oocysts were found to be positive (145). Another 

study that was conducted with the same technique at the "Legedadi" water source of the municipal 

drinking water system around Addis Ababa from Feburary to April, 2005 showed that 

Cryptosporidium was found in all (100%) water samples from a total of 22 samples (146). Amenu 

D. et al conducted cross- sectional study between February and May, 2011 in the rural 

communities of Dire Dawa Administrative Council, Eastern Ethiopia and investigated 16.7% 

Cryptosporidium from 18 tap (household) water samples and 69.4% from 72 source water samples 

that was detected using biochemical test (147). 

In Fayoum Governorate, Egypt, a descriptive analystical study conducted to determine the 

presence of protozoal agents in tap water and storage tanks during the period from May, 2015 to 

October, 2015 found that 53.6% of the water samples from 65 tap water and 53.3% of water 

samples form 30 water tanks (water storage) were contaminated by Cryptosporidium species (148). 

A study aimed to estimate the risk of Cryptosporidium infection through the consumption of 

drinking water was conducted drinking water survey, which lasted from June 2003 to December 

2004, in rural site of Swizerland. In this study, it was reported that oocysts of Cryptosporidium 

specious were detected in all water samples from the three sites using nested PCR (149).  

A water sample survey conducted in four countries in Southeast Asia between April and October 

2013, and found 24.4% Cryptosporidium from 221 water samples using real-time PCR (150). The 

authors that reviewed various studies in 2008 showed the prevalence of Cryptosporidium species 

in drinking water ranged from 1.4%-100% (151). The principal source of Cryptosporidium 

contamination is believed to be animal and is commonly found in rivers and lakes, especially when 

the water is contaminated with animal waste (152).  
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2.8.2 Prevalence of Shigella species in drinking water 

Negera E. et al conducted a descriptive analytical study on the microbiological assessment of 

drinking water with reference to diarrheagenic bacterial pathogens in a rural district of 

Shashemane, Ethiopia, from October 2012 to February 2013. In this study, Shigella species were 

not found in 42 household water samples while 6.5% of the water samples from 93 water sources 

were observed to be positive using a biochemical test (153). A cross-sectional study conducted to 

assess the bacteriological quality of drinking water in Jigjiga City from May-August, 2013 

revealed that 3.33% of the water samples from 60 households and 12.3% of samples from 65 water 

sources ( pipeline, reserviour, beyolle, main source) were contaminated by Shigella species (154). 

Another cross-sectional study in Ziway town, Ethiopia, which was collected water samples from 

April to November, 2013 reported that about 4.8% samples from 21 tap water tested positive for 

Shigella species tested using biochemical method (155).  

In Quetta, Pakistan, a cross-sectional study that attempted to isolate and identify Shigella species 

from food and water samples using conventional biochemical tests during January 2017 to June 

2017 discovered that 22% of water samples from a total of 50 households were contaminated with 

Shigella species (156). Shigella flexineri was identified at a rate of 6.4% from 340 household water 

samples in Peshawar, Pakistan that was conducted between January 2016 and May 2017 through 

biochemical, serological and 16SrRNA gen sequencing (157). H.B. Niguendo-Yongsi investigated 

Shigella species in 0.24% of 508 drinking water samples using biochemical tests that was 

conducted from June 2005-July 2008  in Yaounde, Cameroon (158). Shigella species were isolated 

from 125 domestic drinking-water samples stored in impoverished rural households in Venda of 

Limpopo Province, South Africa, at a frequency of 5%, in a study that was conducted over a six-

month period ( from June to November 2002), according to Potgieter et al.(159). In a study on the 

quality of drinking water from three locations from December 2016 till November 2017, in the 

Giza Governorate, namely Kerdasa, Kafr El-Gebel, and Dahshur, authors Nouran H. Assar and 

Mohammed found that 34.7% of the water samples from 864 households were contaminated by 

Shigella species(160).  

A number of studies have been conducted on the detection of Shigella species in drinking water 

sources. A study conducted in Kampala, Uganda, from November 2014 to May 2015 reported that 

about 10% of the water sources tested positive for Shigella spp. ipaH, all from the accepted 

positive detection data points (n = 441) tested by using microfluidic quantitative polymerase chain 

reaction (MFQPCR) (161). A cross-sectional study that was carried out from January to August 

2017 in Enugu state of Nigeria showed that about 9.4% of the water samples were positive for the 

presence of Shigella species (162). Wahome et al isolated 6.9% of Shigella species from 144 

groundwater used by residents of Ongata Rongai, Kajiado North County, Kenya (163). 

Mahagamage et al assessed the contamination status of Salmonella spp., Shigella spp., and 

Campylobacter spp. in 45 surface and 72 groundwater of the Kelani River Basin, Sri Lanka, in 

both dry ( February-March, 2015) and wet (May-June 2015), and the finding indicated that none of 

the water samples were contaminated by Shigella species (164). A survey of water quality 

assessments conducted in Nakla Paurosova, Sherpur, Bangladesh, from July to November 2018 

revealed that Shigella species were found in 30% of the samples from 30 water sources (165).  
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2.8.3 Prevalence of Toxin Producing Strain of E.coli species in drinking water 

In the water samples that were collected from 248 households in South Wollo, Ethiopia, about 

17% tested positive for E. coli enterotoxins using polymerase chain reaction (PCR) (166). Only 

1% of diarrheagenic Escherichia coli were found in 42 Escherichia coli isolates from 242 drinking 

water samples in a study conducted in the period between October 2018 and April 2019 in the city 

of Ouagadougou, Burkina Faso (167). A cross-sectional study conducted on the microbial quality 

of water in rural communities in Trinidad, from March to April 1998 confirmed the presence of 

toxic-producing E. coli (O157 strains) in only 2% of samples from the total of 253 E. coli isolates 

tested (168). Vadivelu J. et al investigated enterotoxigenic Escherichia coli in the domestic 

environment of a Malaysian village and found that 19% of samples from the household‘s water 

were positive (169). In Bangladash, Lothigius A. et al reported that enterotoxigenic Escherichia 

coli were detected in 87.5% of the water samples from 26 households in a study conducted 

between November 2005 and February 2006 in an endemic area using real-time PCR (170).  

The presence of toxin-producing E.coli in water sources has been indicated in several studies. A 

cross-sectional study that aimed to assess the occurrence of waterborne pathogens in Lake Ziway 

and the drinking water system of Batu (Ziway) Town, Ethiopia, which was conducted from April 

to November 2013  revealed that about 5.5% of samples from 57 water sources were positive for 

E. coli O157:H7 (155). Similarly, a study conducted in Modjo, Ethiopia, reported that 4.2% of this 

pathogen was isolated from water samples using PCR (171). Studies in elsewhere showed that 

toxin-producing E.coli were detected from water source samples in South Africa at 25.6% (172); 

Uganda at 33% (173); northern Ghana at 75% (174); India at 33.3% (114); Brazil at 6.2%, 1.0%, 

and 0.65% (175–177); and southeast of the island of Puerto Rico at 52% (178).  

2.8.4 Prevalence of Rotavirus in drinking water 

There is evidence of rotavirus in household drinking water from numerous researches. Rotavirus 

was discovered using LAMP method in 16.7% of the samples drawn from 12 human drinking 

water in the Shandong, China (179). A prospective study of the circulation of rotavirus in water 

was carried out during the usual epidemic period, from January 3 to March 7, 1994 in southeast 

France, and using reverse transcription-PCR testing of the drinking water in the households of 56 

children who suffered from rotavirus gastroenteritis resulted that rotavirus genome was present in 

7.1% of the water samples(180). Out of 20 drinking water samples collected from different areas 

of Karachi, Pakistan, rotavirus was detected in 5% of the drinking water samples tested(181). 

According to studies conducted in Colombia, rotaviruses were found in 27.3% of the water 

samples taken from household taps(182), and 20.5% of the 288 samples analyzed from 102 

Colombian municipalities were positive for both enterovirus and rotavirus(183).  

 

Studies indicate rotavirus has been found in the water sources that supply drinking water to homes. 

Verheyen J et al detected rotavirus in 2.1% of 287 drinking water sources used in rural areas of 

Benin, West Africa (184). In the study of the molecular epidemiology of Group A rotavirus in 

water sources in southern Africa, it was reported that 1.7% of the 296 water samples were positive 

(185). The prevalence of rotavirus in water sources in different investigations conducted in various 

regions of Egypt was found to be 15.6% in five Egyptian governorates (186), 8.3% in Giza Tap 

water (187), and pooled estimate for systematic review at 23.3% (188).  
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In the western region of Accra, Ghana, Dongdem J et al used multiplex RT-PCR to find and 

characterize the human rotavirus in tap water (189). In this study, the authors collected treated 

water samples from five zones within the distribution network of Weija Water Works and found 

that 48.1% of the 27 water samples tested were positive for rotavirus. Rotavirus prevalence in 

source water was reported in several studies conducted in different regions of the world, including 

8.1% in Costa Rica(190) and 20.3% in Beijing, China (191). Additionally, it has been reported that 

rotavirus was present in 23% in Karachi, Pakistan (181), 9.47% of the water samples taken from 

several water sources in Peshawar, Pakistan (192), and 26.6% in Faisalabad, Pakistan (193). 
 

2.9 Association of Waterborne pathogens presence in drinking water and water 

quality determinates  

Only a few studies have looked at the relationship between the specific pathogens in drinking 

water and the factors that influence their presence. A cross-ectional study of Barnes AN, et al 

found that households use of an improved water source remained significant in the multivariate 

model and had a protective effect on the presence of Cryptosporidium in drinking water (OR 0.16; 

CI 0.04–0.68; p = 0.01) (143). A matched case-control study conducted from March-May 2010 to 

examined the relationship between contamination of hands and water with E.coli virulence genes 

indicated that improved water sources significantly reduced the detection of E. coli virulence genes 

in stored drinking water (194). 
 

2.10 Summary of the Reviewed Literatures  

In summary, the literature that describes the causes of infant deaths in local settings is limited. This 

is due to the fact that most infant deaths occur at home and routine medical certification of the 

cause of infant death is lacking. The most effective solution to this issue is a verbal autopsy 

analyzed by computerized analytical software tools like InterVA. Uncertainties exist regarding 

factors influencing the most prevalent cause of infant death and deaths from all other causes. In 

particular, no details are provided regarding the factors affecting infant death from diarrhea in 

comparison to all other causes of infant death. Although the degree of significance varies among 

research studies, it has been demonstrated that water, sanitation, and hygiene components are all 

closely related factors that significantly affect infant morbidity and mortality. There are, however, 

very few published studies that link the factors like water, sanitation, and hygiene to the risk of 

diarrheal infant death. Though various waterborne pathogens can cause diarrhea that leads to 

death, four are known to cause severe and deadly diarrhea in infants: Cryptosporidium, Shigella, 

an E. coli that produces toxins, and rotavirus. Some of the main ways that these pathogenic agents 

spread are by direct intake of contaminated water and indirect use of contaminated water in food 

production and/or processing. There has been a rise in the use of molecular techniques to detect 

pathoges in drinking water. This facilitates the execution of research-based public health programs. 

The connection between specific pathogens found in drinking water and variables affecting water 

quality has not been extensively studied. 

The primary motivation behind pursuing objective one was to obtain information about the cause 

of infant mortality in the study area. In this case, the most prevalent caused are identified and 

influencing factors is analysed. More specifically, information on the prevalence of infant deaths 

due to diarrhea and the factors influencing its occurrence relative to all other causes of death 
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combined is required. Meanwhile, we analysed the factors influencing diarrhea-related infant death 

against those who survived their first year of life (Objective II).Detecting the pathogens that cause 

the most severe and deadly infant diarrhea in the study area's drinking water (Objective III) and 

any potential connections to factors influencing water quality are of special importance when it 

comes to infant diarrhea deaths. 

2.11 Conceptual Framework   

The conceptual framework of the study was developed based on a literature review of existing 

studies that dealt with the overall objective of the study. The major subjects of the study, important 

concepts, or significant variables, as well as their potential relationships, are all represented in the 

conceptual framework. The framework proposed by Mostley and Chen is generally considered to 

be the most comprehensive and systematic and has formed a powerful organizing structure for 

mortality studies by demographers and epidemiologists (195). 

For analysis purposes, the conceptual framework has typically been approached as distal factors 

(characteristics of mothers/caregivers, infants, and households), intermidiate factors 

(environmental and behavioural factors such as water and sanitation and hygiene practices), 

proximate factors (waterborne pathogens), and outcome variables (incidence and cause of infant 

death). According to the conceptual framework, one of the distal variables for any cause of infant 

mortality was the socio-demographic characteristics of mothers/caretakers, infants, and 

households. Furthermore, based on the literature reviewed, the relative importance of predictive 

variables for each cause of infant mortality may vary depending on the existing conditions in a 

community. Maternal/caretakers characteristics (age, marital status, ethnicity, religion, educational 

status, and occupation), infant characteristics (age, sex of the child, birth order), and household 

characteristics (source of income, wealth index, number of people in the household) all play 

significant roles in determining each cause of infant mortality. 

The environmental factors, such as water and sanitation, and the behavioral factors related to 

hygiene practices were identified as the intermediate factors for infant death, particularly from 

infant diarrhea. The extent to which an infant is affected by diarrheal diseases that lead to death is 

determined by factors related to water (water source improved/unimproved, water accessibility, 

water quantity/water consumption per capital per day, water storage, and water treatment), 

sanitation (latrine availability, latrine utilization, sanitation status/improved/unimproved, disposal 

of children's feces, solid water management, and liquid water management), and hygiene 

behavioral factors such as critical time of hand washing knowledge and practices and use of 

soap/detergents. 

The integration of water, sanitation, and hygiene status has an effect on the condition of microbial 

drinking water quality. Infant may be exposed to various waterborne pathogens due to poor water 

quality at water sources and points of use in the households. The water pathogens are proximate 

factors for infant death caused by diarrhea. The microbial water quality determinantes such as 

water sources (improved/unimproved), drinking water storage status, water treatment practice, 

retention time of fetched water, and place of the water point have been shown to greatly influence 

the presence of waterborne pathogens in drinking water (See Figure 1). 
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Source: adaptation from Mostley WH and Chen LC (1984) and Schell, C.M., et al (2007) 

Figure 1: Conceptual framework for distal, intermediate and proximal factors to the cause of infant 

mortality  
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CHAPTER THREE: METHODS AND MATERIALS 

3.1  Statistical Methodology  

3.1.1 Study area       

This study was carried out in six randomly selected districts in the West Hararghe administrative 

zone of Oromia region and Zone 3 of Afar region, which are situated in the eastern part of 

Ethiopia. These districts include Chiro, Mieso, Gemechis, and Tullo districts of the West Hararghe 

administrative zone of Oromia, while Amibara and Awash Fentale districts are comprised under 

zone 3 administration of the Afar region. Based on the 2007 National Population and Housing 

Census of Ethiopia (196), the projected population estimate for each district for the year 2019 is as 

follows: Chiro (243,151), Mieso (191,978), Gemechis (263,615), Tullo (212,234), Amibara 

(85,964), and Awash Fentale (40,448). As per the national context, 3.4% of the total population is 

under the age of one year (196). 
 

The study area has two main climate seasons: a dry season and a rainy season. The dry season 

ranges from October to February, while the rainy seasons have two periods: the period from June 

to September is the main rainy season, and some rainy weather usually occurs from March to May 

(197). As of 2019, the health facilities available to each district are: Chiro (one hospital, 7 health 

centers, and 39 health posts); Meiso (one hospital, 3 health centers, and 33 health posts); Gemechis 

(6 health centers, and 36 health posts); Tullo (8 health centers, and 30 health posts); Amibara (one 

hospital, 3 health centers, and 13 health posts); and Awash Fentale (2 health centers, and 11 health 

posts). The most often observed cases in these districts are acute upper respiratory tract infections, 

lower respiratory infections such as pneumonia and bronchitis, diarrheal diseases, malaria, urinary 

tract infections, and skin infections. Exact information on the coverage of access to improved 

water supply, sanitation, and good hygiene practices in each district is difficult to ascertain due to 

the inconsistent nature of secondary data.  

 
      Figure 2: Location map of the study area 
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3.1.2 Study design and period      

A community-based prospective longitudinal survey design was employed (Objective I), which 

was conducted with routine enumeration of reported and notified infant deaths for two years (from 

September 2016 to August 2018). A nested unmatched case-control study design was carried out 

(Objective II), which was nested from a longitudinal survey to identify the risk of water supply, 

sanitation, and hygiene on diarrhea-related infant death. Molecular testing-based cross-sectional 

study design (Objective III), which applied the LAMP technique for the detection of four microbial 

pathogens (Cryptosporidium, Shigella, toxin-producing strains of E. coli, and Rotavirus) from 

infants' drinking-water samples at point-of-use in the households and the corresponding water 

sources, was done during the period from June 2020 to May 2021 in eastern Ethiopia. 

3.1.3 Study population       

For objective I, the study populations were all deceased infants (<1 year of age), and the primary 

respondent to the VA questionnaire was their mother/primary caregiver who was with the deceased 

in the period leading to death or a witness to a sudden death or accident. For objective II, the study 

population (mother-infant pair) consisted of cases and controls drawn from the longitudinal survey 

conducted in the randomly selected study area. Cases were infants who died from diarrheal disease 

(all 61 cases that have been identified in the study area during the study period were included), 

while controls were considered for those who survived their first year of life. For objective III, the 

study population was comprised of randomly selected infants (<1 year of age). The sampling unit 

was households with infants, and the basic sampling population units (i.e., elements from which 

required information was ascertained) were their mothers/primary caregivers. 

The inclusion and exclusion criteria are described as follows:  

Inclusion criteria 

 All households with mother‘s live-borne infant‘s pair in the selected area are included in a 

one month interval follow-up through house-to-house visit until the end of their infancy.   

 Infant who deceased before their first birthday is included. 

 All deaths due to diarrheal disease until the end of their Infancy (Objective II)   

 All households with ongoing practicing of drinking-water to their children age of less than 

one year in the selected area are included in detecting waterborne pathogens. 

 

Exclusion criteria 

 Infants who have less than one year of follow up, either due to external-out-migration or 

loss-to follow up has been excluded from the study.   

 All causes of deaths other than diarrhea-related death is included in the study of risk factors 

of diarrheal disease associated- infant death (for objective II). 

 Households currently practicing exclusive breast feeding excluded in waterborne pathogens 

detection in drinking-water samples.( for objective III) 
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3.1.4  Sample size determination        

The sample size estimation for objective I used Cochran‘s sample size formula for single 

population proportions using OpenEpi Version 3.3a. The sample size was determined based on the 

proportion of the most common cause of infant mortality previously identified in the cohort study 

conducted in Ethiopia (79), which would yield the largest sample size. Accordingly, the sample 

size is calculated with the assumption that the proportion of 17.7% for the infant death caused by 

bacterial sepsis from all infant deaths (79), a ± 5% precision, a 95% level of confidence, and a 

design effect of 1.5. Thus, the calculated sample size was 336, and 10% was added for the non-

respond rate, which resulted in a final sample size of 370 infant deaths. This would be obtained 

from 6271 live births, as the national infant death rate was 59 per 1000 live births (9). Therefore, 

this survey covered 197,201 populations as calculated by cross-multiplication from the national 

crude birth rate of 31.8 live births per 1000 inhabitants (38). 

For objective II, the sample size was determined using Openepi version 3.03a by applying the 

sample size computation to case-control study. The sample size was calculated for each variable by 

taking the result of the study conducted previously that would yield the largest sample size. 

Accordingly, the sample size was established based on the following assumptions: the household 

latrine proportion was found to be 5.93% in the household of cases and 15.4% in the household of 

controls group taken from the previous study (49), the two-sided significance level (1-alpha) = 

95%, the power (1-beta, % chance of detecting) = 80, the ratio of unexposed to exposed in the 

sample = 1:4, to detect an odds ratio of 0.35. Thus, the minimum sample size required for the study 

was estimated to be 126 cases and 504 controls. The finite population correction factor was 

needed, thus, the number of cases was adjusted three times by the proportion of deaths due to 

diarrhea and the proportion of all-cause mortality using the following formula. 

𝑁𝑓 =
𝑛𝑜

1+𝑛𝑜
     −
      𝑁

     

 

 

Accordingly, the calculated result of 61 cases (deaths due to diarrhea) was needed. Because of 

many reasons of uncertainty and possible non-response, 10% were added, and thus a final sample 

size of 67 cases and 268 controls were required. 

For objective III, the sample size (i.e., the number of households to be included in the study to 

represent the population of interest) was calculated using Openepi version 3.03a with the single 

population proportion. The sample size was calculated considering the assumption that the 

estimated prevalence of feacally contaminated drinking water in 80% of households with children 

in the overall study group at the baseline conducted in one of the districts in eastern Ethiopia (198), 

an error risk parameter of 1.96 (for an error risk of 5%, i.e., 95% confidence limits), a desired 

precision of 5%, and a design effect of 1.5 resulted in a sample size of 369 households with 

infants, and 15% of the non-response rate was added, and thus, 424 drinking-water samples were 

taken from infants‘ drinking water at point-of-use in the households. 

 

Where:    Nf = final sample size (cases)  

               no=   initial simple size  (126 cases )  

               N= Total number of all-cause infant mortality (362)     
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3.1.5 Sampling techniques         

For the study of objective I, a two-stage cluster sampling procedure with probability proportional 

to size (PPS) technique was used. In the first sampling stage, six districts were selected randomly 

using the lottery method from the two zones (four districts from the West Hararghe zone of the 

Oromia region and two districts from zone 3 of the Afar region). The second sampling stage 

involved selecting "Kebeles" (the smallest administrative unit) at random from districts that had 

been chosen at random, taking each "kebele" as one cluster. A total of sixty kebeles were selected 

from the chosen districts. Every infant death that occurred in each kebele (cluster) was routinely 

recorded by making a visit to every home once a month and conducting a verbal autopsy interview 

using a questionnaire after the culturally prescribed period of mourning had passed, up to a point 

within 15–30 days of the infant's death. 

The sampling techniques for the objective II study exploited all diarrheal deaths of infants, which 

were selected as cases, while density sampling was used for the control groups. The entire cases 

(infants who died from diarrhea) that were ascertained by electronic verbal autopsy were directly 

taken from the longitudinal survey (Objective I). Infants who had survived their first year were 

eligible for selection as the control group, which was randomly selected from the adjacent area 

linked to that of the infants who died due to diarrhea. For each case, four controls were randomly 

selected from the longitudinal survey database, and their socio-demographics and several 

components of water, sanitation, and hygiene were compared.  

A two-stage cluster sampling method with a probability proportional to population size was used 

for objective III. In the first sampling stage, thirty "kebeles" (the small administrative units) or 

clusters that infant diarrhea death occurred in objective I were allocated to each targeted district on 

the basis of proportional allocation to the available "kebele" population size. In the second 

sampling stage, infant-containing households within the chosen "kebele" were selected using 

simple random sampling. 

3.1.6 Data Collection Methods         

Longitudnial survey data: Live births in the study area are first registered until they reach the 

final count of 6271. Following that, each household with livebirth was visited once a month until 

the end of their first year of life. All infant deaths were routinely recorded and, conducting a verbal 

autopsy questionnaire after the culturally mandated period of grieving had passed. Meanwhile, the 

household survey questionnaire was administered for both deceased infant and those required 

number of survived in the first year of life. The household survey data were collected by trained 

data collectors using a structured and pre-tested questionnaire and conducted under closely 

overseen by supervisors. The questionnaire was prepared based on WHO, UNICEF and national 

standards, as well as adopted from relevant literatures (9,199,200).  

Verbal autopsy data: Data was collected by interviewing the mothers or primary caretakers of the 

deceased infant using a standard 2014 WHO verbal autopsy questionnaire (19). This questionnaire 

elicits data on the age and sex of the deceased, diseases, signs and symptoms, as well as the 

circumstances observed preceding death. For the objective I study, either of the two questionnaires 
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was utilized: one for deaths of children under the age of four weeks and one for deaths of children 

between the ages of four weeks and 11 years. All the standard questionnaires were translated into 

the local languages "Amharic" and "Afan Oromoo", and retranslated back into English by relevant 

experts to verify that the meanings of the questions were retained and check their consistency. 

Training in conducting questionnaire-based VA interviews and data collection procedures was 

provided to the data collectors and supervisors. The pre-testing of the questionnaire took place in a 

neighborhood with characteristics resembling those of the study region and population. The health 

extension workers, who are stationed at their respective settings, routinely visit each household 

every month for events and report and notify all infant deaths. After receiving this, the data 

collectors conducted VA interviews between 15-30 days after the date of every infant death. The 

data collection was closely monitored by supervisors, and each filled-out questionnaire was 

thoroughly checked for completeness as well as consistency and go back to the field for correction 

when errors were detected. 

Water sample data: the household and infant characteristics data along with the water samples 

were collected by trained enumerators using pre-coded structured questionnaires and a water 

sample leveling format, respectively. 

Measurement of outcome variable: The cause of infant death were measured using the InterVA-

4 model which follows the VA cause of death categories defined in the WHO-2014 standard 

together with WHO cause codes and corresponding ICD-10 categories, which tend to establish the 

most likely cause for a particular case with its own likelihood (Objective I). For objective II, the 

outcome variable cases (infant death from diarrhea) were taken from objective I. For objective III, 

the prevalence of four targeted pathogens was measured using laboratory testing with molecular 

based- LAMP techniques.  

 

3.1.7 Study Variables  

3.1.7.1 Independent (Predictors) variables of the study 

 Mother‘s and the deceased infant‘s characteristics (Objective I) 

 Environmental effect variables (Water Supply and Sanitation and Behavioral factors 

(Hygiene practices) (Objective II) 

 Primary source of drinking water (improved or unimproved), drinking water storage 

hygienic status, practices of water treatment at point-of-use, water fetched time, water 

point location and presence of residual chlorine (objective III). 

 

3.1.7.2 Dependent (outcome) variables of the study 

 Common specific-cause of infant mortality (Objective I) 

 Diarrhea-related infant mortality (Objective II)  

 Presence of microbial pathogens in drinking water (Cryptosporidium Oocyst, Shigella 

species, toxin-producing strain of E.coli and Rotavirus) (Objective III) 
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3.1.8 Data Quality Control           

Data quality was assured by regulating both random and systemic errors before, during, and after 

the data collection. Data quality was maintained through a properly designed data collection tool. 

Thirty experienced enumerators and five supervisors with relevant educational backgrounds and 

language proficiency were recruited. The data collection procedures were developed, and intensive 

training was provided for the data collectors and supervisors. Questionnaires were translated into 

the local language and then back to English in order to maintain consistency. Pre-testing was also 

conducted to thoroughly familiarize the data collection instruments and procedures. The targeted 

respondent who provided data about the deceased was mothers/primary caretaker, who would 

provide more credible, reliable, and accurate data (19). The VA interviews were conducted after 

the mourning period had passed, with shorter recall periods. On-the-spot monitoring of data 

collectors and field editing were carried out in every study area by the assigned field supervisors. 

The supervisors provided immediate feedback and technical support as needed. Any identified 

errors were discussed, and immediate measures have been taken. 

For objective III, the data collectors as well as supervisors were recruited with health-related 

educational backgrounds and language proficiency. Three days training was given to the data 

collectors on data collection and water sample collection procedures (ANNEX II), and a pre-test 

was carried out in a community with similar characteristics. The data collection procedures were 

developed, and the collected data were reviewed by the principal investigator. Any identified 

errors were discussed, and immediate measures were taken, such as revisiting the households 

before leaving the village to make corrections and complete the questionnaire, discarding the water 

sample if exposed to contamination, and collecting it in a new sterile bottle. 

3.1.9 Data Management and Analysis            

For the objective I study, the InterVA-4 model was used for the entire processing and 

determination of the cause of death from the collected verbal autopsy data. The collected data was 

entered into a comma-separated variable (.csv) file database in the InterVA-4 program, which 

prepared a data entry sheet with columns in identical sequence to the questions in the 

questionnaire. Following the installation procedure outlined in the InterVA-4 user guide (18), the 

probable causes of death for each deceased infant were determined. As InterVA requires 

specifying basic epidemiological parameters for malaria and HIV/AIDS prevalence in the 

population as "very low", "low," or "high" , this study leveled "high" for malaria as the infant 

death prevalence in Ethiopia for recent years is 1% (201), which is laid at 1:100. For HIV/AIDS, 

"low" is set as the death prevalence being less than 1% (202), which is pointed at around 1:1000 of 

all deaths in the population in the context of the guideline. 

 

The InterVA-4 model follows the VA cause of death categories defined in the WHO-2014 

standard together with WHO cause codes and corresponding ICD-10 categories, which tend to 

establish the most likely cause for a particular case with its own likelihood. To estimate cause-

specific infant mortality fractions, we summed the likelihood of each cause for every infant death 

and divided this by the total number of deaths. The data from the Excel spreadsheet was also 

exported to SPSS version 23 for statistical analysis. Descriptive statistics were carried out to 
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express data as frequency distributions, means, standard deviations, or percentages with 95% 

confidence intervals. Binary logistic regression was used to analyze the association factors of 

maternal and infant characteristics among mortality from each of the ARIs, including pneumonia, 

diarrhea disease, birth asphyxia, prematurity, and malaria, against all other causes combined. For 

each outcome, separate models were adjusted to identify factors independently. Factors that had a 

significant level of p<0.2 in bivariate analysis in each model were candidates for the multivariable 

analysis of logistic regression. The models include Model 1: Association of factors with deaths due 

to ARTI versus all other causes of death, Model 2: Association of factors with deaths due to 

diarrhea versus other cause of death, Model 3: Association of factors with deaths due to birth 

asphyxia versus other cause, Model 4: Association of factors with deaths due to prematurity versus 

other cause of death and Model 5: Association of factors with deaths due to malaria versus other 

cause of death. In such a case, those factors with p<0.05 were considered statistically significant 

and had an independent association with the outcome variables. 

 

For objective II, the collected data were entered into CSPro version 6.1 then transformed to SPSS 

version 23 for analysis. Descriptive statistics such as frequency distribution and cross-tabulation 

were used to summarize the study variables. Both bivariate and multivariable logistic regression 

was used to estimate crude and adjusted odds ratios with 95% confidence intervals for the 

association between risk factors and diarrhea-related infant death. Bivariate logistic regression for 

each variable was analyzed, and any factors that showed a marked association (p-value <0.25) 

were considered candidates for multivariable logistic regression. The Hosmer-Lemeshow 

goodness-of-fit test was checked and indicated that this model is valid, seeing that the p-value is 

greater than 0.05. Variables that resulted in a P value <0.05 in the multivariable logistic regression 

were affirmed as significantly associated with the outcome variable (diarrhea death). 

 

For objective III, the raw data were entered into CSPro version 6.1 and then transformed to SPSS 

version 23 for analysis. Descriptive statistics such as frequency distribution and cross-tabulation 

were used to summarize the study variables. A phi coefficient correlation was done to analyze the 

association between point-of-consumption and water sources in the presence of pathogens. Binary 

logistic regression was applied to establish crude and adjusted odds ratios with 95% confidence 

intervals for the association between water quality determinants and each targeted pathogen. In 

bivariate conditional logistic regression, each variable in each model with a p-value <0.25 was 

considered eligible for multivariable logistic regression. These models include Model 1: 

Association of factors with the presence of Cryptosporidium oocyst in the water sample, Model 2: 

Association of factors with the presence of Shigella species in water sample, Model 3: Association 

of factors with the presence of toxin producing strain of E. coli in water sample, Model 4: 

Association of factors with the presence of rotavirus in water sample and Final Model: Association 

of factors with the presence of all targeted pathogens (Cryptosporidium, Shigella, toxin producing 

strain of E. coli and rotavirus) in the sample water sample. Variables that demonstrated a p-value 

<0.05 in the multivariable logistic regression were declared to be significantly associated with the 

outcome variable (presence of targeted pathogens). 
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3.2  Molecular – LAMP Laboratory Methodology 

3.2.1 Selection of Target Genes     

For the detection of each pathogenic microbe, a specific gene target region was selected. The 

selection was based on the gene that was most commonly used to identify the target genes that 

expressed proteins unique to the organism of choice and helped to differentiate each pathogenic 

microbe's presence in drinking water (150,178,180,203). The chosen specific targeted genes 

included the gene encoding the 18S rRNA presented in Cryptosporidium spp., the ipaH gene in 

Shigella, the stx2A and stx2B genes in toxin-producing strains of E. coli, and the VP7 glycoprotein 

gene for rotavirus. These genes served as sites for specific primer designs that were used in LAMP 

assays. 

3.2.2 Primer Design      

The primer sequences for LAMP amplification were designed based on the Cryptosporidium 18S 

rRNA gene accession number GenBank: L16996.1, Shigella ipaH gene accession number 

GenBank: M76443.1, Toxin-producing strains of E. coli stx2A and stx2B gene  accession 

number GenBank: FN252458.1, and Rotavirus VP7 glycoprotein gene  accession number 

GenBank: AB018697.1 from NCBI. The primers were designed by means of the Primer Explorer 

Version 5 software, available at https://primerexplorer.jp/e/. The software was used to design one 

set of primers (five to six primers per target organism) (see Table 1). 
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Table 1: Primers and Sequence used for LAMP assays to detect Cryptosporidium, Shigella, Toxin-

producing of E.coli and Rotavirus 

Primer Name Primer Sequence 

Target 

Gene 

Cryptosporidium 18S rRNA 
        FIP        CCTCGTTCAAGATCAATAATTGCAA-ATGGGTAATCTTTTGAATATGCA 

 BIP        TCCTAGTAAGCGCAAGTCATCAG-ATTCAATCGGTAGGAGCG  
 F3          GTATATATTCCTGTTTCGAAGGA  
 B3          TCCGAATAATTCACCGGATC  
 LB          GCTGATTACGTCCCTGCCCTTTG  
Corresponding nucleotide position of Cryptosporidium parvum 18s rRNA gene, 1746bp (Accession No. 16996.1) 

   
Shigella    ipaH 
 FIP        AAGCTCCGCAGAGGCACTGA-CACGCAATACCTCCGGATTC  
 BIP        AGCAGTCTTTCGCTGTTGCTGC-CCGGAGATTGTTCCATGTGA  
 F3          GCCTTTCCGATACCGTCTCT  
 B3          TGATGGACCAGGAGGGTT  
 LF           TGCAGCGACCTGTTCACG  
 LB          CACTGAGAGCTGTGAGGACCG  
Corresponding nucleotide position of Shigella flexneri ipaH gene, 1312bp (Accession No. M76443.1) 

   
Toxin producing  
strain of E.coli  

Stx2A and 
stx2B 

 FIP     AGACGAAGATGGTCAAAACGC-GCAGTTATTTTGCTGTGGA 

BIP    CGGGTTCGTTAATACGGCAA-CGGGCACTGATATATGTGT 
F3      TCGGTGTCTGTTATTAACCA 
B3      TGGAAACCGTTGTCACAC 
LF       TGATAGACATCAAGCCCTCGTA 

Corresponding nucleotide position of Escherichia coli stx2A gene for Shiga toxin 2 A-subunit and stx2B gene for Shiga toxin 2 B-
subunit, strain CB10686, 1450bp (Accession No. FN252458.1) 

   
Rotavirus VP7 

glycoprot
ein 

 FIP       TTGGTTGCTAGCTTCAATTGGATAA-CGCATATGCTAACTCTACTCAA 
 BIP       TGGTGAATGGAAAGATACATTGTCA-TGTACTCTTTAAAGTAGACCGAT 
 F3         CCAATAACAGGATCAATGGATAC 
 B3         GGATCGACAGAAAATTCAACAA 
 LB         TGTTTCTTACAAAAGGCTGGCCAAC  
Corresponding nucleotide position of Human rotavirus A gene for VP7, 981bp (Accession No. AB018697.1) 

   
 

3.2.3 Oligonucleotide primers Synthesis 

Laboratory-made DNA or RNA strands or oligonucleotide primers for each targeted gene were 

prepared based on the designed primer sequence. All oligonucleotide primers were synthesized by 

Africa's Genomics Company, Inqaba Biotec East Africa Ltd. (ANNEX III). 
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3.2.4 Drinking Water Sample Collection  

The drinking water samples were taken from two locations: the primary infant drinking vessels at 

the site of intake in the home and the corresponding water source. One liter of water was collected 

in a sterile bottle with no chemical additives. Water samples were collected and stored in 

accordance with the ICR (Information Collection Rule) guidance (204). Briefly, before moving on 

to the next phase, the obtained water samples were kept at a temperature of 1-4
o
C in a dark cold 

box and transported within eight hours after the time of collection. 

          
a) Water Sample collection from source                            b) water sample from households 

Figure 3: Water sample collection using 1000ml sterile bottel 

3.2.5 Filtration   

Once the water sample was received, filtration was carried out for each sample using a Zeta Plus 

1MDS electropositive microfilter media disc with a 47-mm size (3M Purification Inc., Meriden, 

CT, U.S.A.). This filter can simultaneously capture and recover multiple microbes from a water 

sample (205). This filter disc was placed on the sterile funnel unit of the membrane filter support 

disc assembly. The filtration was carried out by applying a vacuum pump until the water sample 

was finished, and finally, the filter disc was removed using sterile forceps and placed in a sterile 

petri dish. This is followed by storing at 4°C in the dark for not more than 12 days before 

undergoing the elution process (http://www.lenntech.com). 
 

                                                                                      

 a) Filtration process setup                                                   b) 1MDS filter membrane after filtration                                  

Figure 4: Filtration using 1MDS electropositive microfilter media disc 

http://www.lenntech.com/
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3.2.6 Elution    

An eluting solution was used to remove the adsorbed pathogenic microbes from the filter disc 

surface. For a single elution, a 200 mL eluting/backflushing solution was made by mixing [50 mL 

1.5% beef extract (Accumix, CA-69574, India) with 0.05 M glycerin (Fluka Chemika, CA-49780, 

Switzerland) autoclaved at 121
0
c for 15 min + 50 mL 0.01% Tween 80 (Mana Scientific Product, 

CA-9005-65-6, India) + 50 mL 0.1% sodium polyphosphate/NaPP (Sigma Aldrich, CA-305553, 

USA) + 50 mL 0.001% antifoam agent (Bio-Rad Laboratories, CA-94547, USA) to reduce 

foaming effect]. The pH of the eluting solution was adjusted to 8 using an Accumet pH benchtop 

meter (Thermo Fischer Scientific, Canada), which could reduce the potential destruction of 

bacteria (205). The cleaned and sanitized bronze filtration support disc housing was used to hold 

the adsorbed filter disc once it had been mated with the filter funnel. The eluent solution was 

allowed to come into contact with the filter disc for 10 minutes prior to starting the elution 

pumping procedure. The eluent solution was then added to the filter funnel and pumped into the 

sterilized filter housing in the opposite direction of the sample flow until it became clear. The 200 

mL eluent was finally put into four sterile 50 mL Falcon tubes (Merck KGaA, Corning 430290, 

Germany) to be centrifuged (Eppendorf AG- 22331, Hamburg, Germany) for the concentration of 

targeted pathogens in the filtered eluate. 

      
a) eluting solution preparation                        b) eluent solution added to the filter funnel 

Figure 5: Elution of 1MDS electropositive microfilter media disc 

3.2.7 Concentration of Pathogens from the Filter Eluate (Centrifuge)    

The eluted effluent underwent a secondary concentration stage over several centrifugation cycles. 

A preliminary centrifugation (Eppendorf AG- 22331, Hamburg, Germany) was performed on four 

tubes (Merck KGaA, Corning 430290, Germany) containing 50 mL of eluate at 4,100×g for 30 

min. Following that, the Falcon tubes (Merck KGaA,Corning 430290, Germany) were carefully 

withdrawn from the centrifuge (Eppendorf AG- 22331, Hamburg, Germany), and the supernatant 

was properly eliminated ~25 mL from each one using a serological pipette. The aliquots of the re-

suspended materials were pipetted up and down each tube to transfer them into two 50 mL tubes 

(Merck KGaA, Corning 430290, Germany), after which a second centrifugation (Eppendorf AG- 

22331, Hamburg, Germany) was performed under the identical circumstances. The residual 

material was gently shacked and transferred into two sterile 15 mL tubes before being centrifuged 

at 4,100 g for 30 minutes (AG- 22331, Hamburg, Germany) with the supernatant, which had been 

carefully aspirated to a volume of 35 mL.  
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In order to avoid disrupting the pellets, the supernatant was once again aspirated to a total of 12 

mL from each of the 15 mL tubes. After being centrifuged at 4,100 g for 30 minutes, the leftover 

supernatant (3 mL) was placed into a single 15 mL tube (Merck KGaA, Corning 430055, 

Germany) and removed. The supernatant was then gently aspirated into each of the 15 mL tubes 

(Merck KGaA, Corning 430055, Germany) until around 300 μL remained, and the tubes were then 

kept at -20°C pending DNA/RNA extraction. 

  

           Figure 6: Eluted effluent underwent several centrifugation 

3.2.8 DNA/RNA Extraction     

Genomic DNA for Cryptosporidium, Shigella, and a toxin-producing strain of E. coli and RNA 

for rotavirus were extracted from 300 μL eluate (concentrated water samples) using the DaAN 

Gene RNA/DNA Purification Kit (MDSS GmbH, Germany), according to the manufacturer‘s 

instructions. The RNA genome for rotavirus was converted to cDNA using first-strand cDNA 

synthesis protocols [E6300] (206). This conversion is needed for the reason that cDNA is a more 

convenient way to work with the coding sequence than RNA, which could be very easily degraded 

by omnipresent RNases. The extracted DNA/RNA and cDNA samples were stored at –20°C until 

amplification was done. 

 
                  Figure 7: DNA/RNA extraction using the DaAN gene RNA/DNA purification kit 
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3.2.9 LAMP Assay      

3.2.9.1 Reaction mixture for LAMP (Operated on ice) 

The reaction mixture consisted of all the components necessary to make new strands of 

DNA/cDNA in the LAMP process. The reaction mixture is composed of the following reagents: 1) 

Master Mix, containing 1x Thermopol reaction buffer (10 mM KCl, 10 mM (NH4)2SO4, 20 mM 

Tris-HCl, 2.0 mM MgSO4, 0.1% Triton X-100; New England Biolab), 6mM MgSO4 

(100mM;New England Biolabs Inc.), 0.8 M betaine (Glentham Life Sciences Ltd, Corsham, UK), 

1.4 mM dNTP‘s (10 mM; New England Biolabs Inc.), Bst 2.0 DNA polymerase large fragment 

(8U; New England Biolabs Inc), 50x LAMP fluorescent dye (New England Biolabs Inc.), Primer 

mixture [1.6 μM FIP, 1.6 μM BIP, 0.4 μM LPF, 0.4 μM LFB, 0.2 μM F3 and 0.2 μM B3; Africa's 

Genomics Company, Inqaba Biotec East Africa Ltd], Nuclease free H2O (Fisher Scientific, CAS 

7732-18-5, USA) and 2) Template genomic DNA/cDNA. The reaction mixture for each target 

pathogen was prepared in an ice-filled box to a final volume of 25 μL (see Table 2). 

Table 2: Individual reaction mixture composition of LAMP assay for the detection of selected 

pathogens 

        
            Prepare Mixture                                   Quantity (μl) 

1. Primer Mixture Ingredient  

(Per reaction) 

Cryptosporidium Shigella Toxin- producing 

E.coli 

Rotavirus 

1.6μM FIP       

1.6μM BIP       

0.4μM LPF      

0.4μM LFB      

0.2μM F3        

0.2μM B3                              

                                          Total 

1.0μL 

1.0μL 

   - 

1.0μL 

1.0μL 

1.0μL 

5.0μL 

0.8μL 

0.8μL 

0.4μL 

0.4μL 

0.1μL 

0.1μL 

2.6μL 

1.0μL 

1.0μL 

1.0μL 

- 

1.0μL 

1.0μL 

5.0μL 

1.0μL 

1.0μL 

1.0μL 

- 

1.0μL 

1.0μL 

5.0μL 

1. Create the Reaction Mixture     

Ingredients (Per reaction)     

        1X Isothermal Buffer   

                6mM MgSO4                 

                1.4mM DNTPs    

  

                0.8M Betaine                    

 Bst 2.0 DNA polymerase  

        Nuclease free H2O        

                                    Total 

2.5μL  

1.5μL 

3.5μL 

4.0μL 

1.0μL 

4.0μL 

16.5 μL 

2.5μL  

1.5μL 

3.5μL 

4.0μL 

1.0μL 

6.4μL 

18.9 μL 

2.5μL 

1.5μL 

3.5μL 

4.0μL 

1.0μL 

2.0μL 

14.5 μL 

2.5μL 

1.5μL 

3.5μL 

4.0μL 

1.0μL 

2.0μL 

14.5μL 

2. Template DNA  3μL 3μL 5.0μL - 

3. Template cDNA   -   - - 5.0 μL 

4. LAMP fluorescent dye 0.5 μL 0.5 μL 0.5 μL 0.5 μL 

Overall reaction mixture 25μL 25μL 25μL 25μL 
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Figure 8: Reaction mixture operated on ice 

3.2.9.2 Optimization of LAMP assay for each pathogen 

To establish the best amplification reaction conditions, the concentrations, temperature, and time 

of the reaction mixture were optimized for the LAMP assay. The reaction mixture for each 

targeted pathogenic microbe was tested under different conditions of concentration, amplification 

temperature, and time. The temperature tested ranged from 60 to 65°C for 60 minutes, followed by 

a heat inactivation step at 80°C for 5 to 10 min. The genomic DNAs/RNA-cDNA extracted from 

the positive control of each targeted pathogen and DNA/RNA extracted from nuclease free water 

(Fisher Scientific, CA-7732-18-5, USA) as a negative control were used for the optimization of 

LAMP. After several trials, the optimized LAMP reaction mixture condition for each targeted 

pathogen was presented in Table 2. The optimum temperature and time for the best amplification 

result for Shigella species, Cryptosporidium oocysts, and rotaviruses were 60 °C for 60 minutes 

followed by 80 °C heat inactivation for 5 min while a toxin-producing strain of E. coli was best 

worked at 64°C for 60 minutes followed by inactivation at 80°C for 5 min. In all optimization 

procedures, there was no amplification result observed in the negative control. 

 

3.2.9.3 Positive and Negative Control 

To determine the positive control, the live pathogen strains (Cryptosporidium, ATCC PRA-

67DQ; Shigella, ATCC 12022; a toxin-producing strain of E. coli, ATCC 43895; and Rotavirus, 

a positive stool sample stored in a laboratory) were obtained from the Ethiopian Institute of Public 

Health (EPHI) and Ethiopian Biodiversity Institute (EBI) biobanking repository laboratories. This 

strain was diluted in one liter of distilled water and processed by filtration, elution, and 

centrifuging (Eppendorf AG- 22331, Hamburg, Germany), followed by DNA/RNA extraction 

(MDSS GmbH, Germany), and amplification. A negative control was done using nuclease-free 

water (Fisher Scientific, CA-7732-18-5, USA) instead of the DNA template. A positive control 

and a negative control were included in every LAMP reaction to ensure that false-negative and 

false-positive results were eliminated.  
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3.2.9.4 LAMP operational procedure and reaction  

The final concentration of the LAMP reaction mixture of 25 μL was dispensed into each labeled 

Loopamp reaction tube (EIKEN Chemical Co.,Ltd. Tochigi, Japan). The reaction was carried out 

by inserting the reaction tubes in a Bio-RAD iCycler Thermal Cycler (Bio-Rad Laboratories, Inc. 

USA). Based on the optimization result for Shigella, Cryptosporidium, and rotavirus, the 

reaction was run by heating at 95°C for 3 minutes, subsequently incubating at 60°C for 60 minutes, 

inactivating at 80°C for 5 min and then cooling at 4°C for 5 min to terminate the reaction. The 

same procedure was undertaken for the detection of a toxin-producing strain of E. coli by 

activating at 64°C for 60 minutes and inactivating at 80 °C for 5 min. 

          

          Figure 9: Amplification operated using Bio-RAD iCycler Thermal Cycler 

3.2.9.5 Detection Using U.V Trans-illuminator 

After completion of LAMP, amplified DNA/cDNA were detected using a UV transilluminator 

(SYNGENE, Synoptics Ltd., UK) and photographed, and finally the numbers were noted down for 

all positive samples. 

 
Figure 10: LAMP detection of Shigella species in water sample with flurescent dye added seen 

with ultraviolet light; NC: negative control, PC: positive control; sample number 9 is positive 
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3.2.10 Sensitivity and Specificity of LAMP 

The LAMP reaction sensitivity greatly relies on the previous studies that explored the high 

sensitivity of LAMP for Cryptosporidium oocyst (207), Shigella species (203), toxin-producing 

strains of E. coli(203,208,209), and RNA-cDNA of Rotavirus (210). The specificity of the LAMP 

assays for Shigella was examined with three closely related bacterial species: Salmonella 

species, Vibrio cholerae, and toxin producing E. coli. The result demonstrated a positive for 

only Shigella species and a negative for the aforementioned bacterial species. The specificity of 

the toxin producing strain of E. coli was determined by testing it with three other bacterial 

species: Salmonella species, Vibrio cholerae, and Shigella species, which solely resulted in a 

positive for the toxin-producing strain of E. coli and a negative for all the other bacterial species. 

The LAMP assay for Cryptosporidium oocyst and rotavirus was examined with Giardia cysts 

and adenovirus, respectively, which demonstrated only positive results for Cryptosporidium 

oocyst and rotavirus. Therefore, the assay established in this study was found to detect only the 

sequence of the targeted pathogens and no cross-reaction with other pathogenic microbes, 

representing its high specificity. 

 

3.2.11  Quality control for LAMP  

For the laboratory quality assurance of the LAMP assay, the ICR (Information Collection Rule) 

microbial laboratory manual was followed (204).The operating procedures were kept exactly as 

stated in the protocol. All LAMP laboratory equipment was maintained in a safe and working 

condition. Each DNA/RNA extraction and LAMP test was carried out by knowledgeable and 

skilled personnel in a secured separate room set-up to avoid contamination. Samples with positive 

results were confirmed by analyzing them with the same procedures as the positive control. All test 

results were photographed and recorded directly into an electronic registry format. The methods of 

recovery for each organism comprised of filter material, eluent, and centrifuge steps were applied 

considering the other study (205), which can yield the highest recovery efficiency. 

 

3.3  Ethical Consideration  

Ethical approval to conduct the study was received from Ethics Review Board of Addis Ababa 

University - Ethiopian Water Resource Institute (EIWR N
o
. 134/08/16), and also ethical clearance 

was provided by the research ethics committee of Oromia Regional Health Bureau. Before the 

study begins, official permission was secured from each study district administrative as well as 

health offices. Informed consent from each study subjects were obtained after clear and adequate 

explanation of the objectives and purpose of the study were provided using the participant‘s 

information sheet. Personal data, in particular name, geographical information and contact 

information about the respondent, is kept and be encrypted to protect privacy and ensure 

confidentiality. The water samples were tested and analyzed anonymously, and the original paper 

records were stored in a locked file cabinet. The personal identifiers are removed from study 

documents and also computer-based files were stored in a password encrypted a laptop to protect 

the participants‘ confidentiality. 
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3.4  Dissemination of findings  

The overall finding of this study will be disseminated to the targeted districts as well as for the 

country level policy makers and concerned bosies to utilize the findings in one way or another as 

deemed necessary. Maximum effort is done to publish the finding in scientific trustworthy journal.  
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CHAPTER FOUR: RESULTS 

4.1 Cause of Infant Deaths and patterns of associated factors 

4.1.1 General Characteristics of Respondents and Study Population 

During the study period, a total of 362 deceased infants‘ mothers/caretakers were interviewed, 

yielded 97.8% response rate. The highest proportion (90.4%) of the respondents was parents to the 

deceased infants.‘ The mean age (± SD) of the respondent was 27.3 (±4.3) years old. The age 

distribution of the deceased infants‘ mothers/care taker was highest in the age category of 20-34 

years old (86.7%). The majority of the respondents were married at 91.2%. More than four-fifths 

(87.9%) of the respondents were reported not to have been attended formal education at some 

point in their lives. Almost 88.6% of respondent‘s economic activity was home-maker (housewife) 

in a year prior to infant‘s death.    

Of the overall recorded infant deaths, about 192 (53.0%) deaths were occurred during neonatal life 

while 170 (47.0%) in the post-neonatal period. The deceased infant comprised of 205 (56.6%) 

males and 157 (43.4%) females with an overall sex ratio of 1.31:1. Over half (55.4%) of the infant 

death were occurred in the wet season. Almost seven out of nine deaths (77.1%) took place outside 

of health facilities, of which the majority (71.8%) was died at home (see Table 3).  
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Table 3: Frequency distribution of the respondents and the deceased infant characteristics in 

Eastern Ethiopia, 2016-18 

Socio-demographic Characteristics 

 

Neonate 

(<1month) 

(n=192) 

Post-neonate 

(1-12 months) 

(n=170) 

Total 

(<1 year) 

(N=362) 

n % n % n % 

Respondent characteristics       

Age of the mother/care taker       

     <20 Years old 12 6.3 12 7.1 24 6.6 

     20-34 Years old 169 88.0 145 85.3 314 86.7 

>35years old 11 5.7 13 7.6 24 6.6 

Maternal Marital Status       

Married  181 94.3 149 87.6 330 91.2 

Single 6 3.1 10 5.9 16 4.4 

Divorce 2 1.0 9 5.3 11 3.0 

Widowed 3 1.6 2 1.2 5 1.4 

Mother’s level of education       

No education 174 90.6 144 84.7 318 87.8 

Primary school 15 7.8 23 13.5 38 10.5 

Secondary school  3 1.6 2 1.2 5 1.4 

College 0 0.0 1 0.6 1 0.3 

Maternal Occupational Status       

Home maker (Housewife)  176 91.7 145 85.3 321 88.7 

Employed  4 2.0 12 7.1 16 4.4 

Mainly unemployed 12 6.3 13 7.6 25 6.9 

Deceased Infant Characteristics       

Infant sex       

Male 117 60.9 88 51.8 205 56.6 

Female 75 39.1 82 48.2 157 43.4 

Seasons of death       

Wet season 107 55.7 94 55.3 201 55.5 

Dry season 85 44.3 76 44.7 161 44.5 

Place of death        

At home 131 68.2 129 75.9 260 71.8 

At health facilities 55 28.7 28 16.5 83 22.9 

On the route to health facility  6 3.1 8 4.7 14 3.9 

Other places 0 0.0 5 2.9 5 1.4 

 

4.1.2 Specific Cause of Infant Deaths: Result from Verbal Autopsy (InterVA-4) 

Based on the result of the InterVA-4 model, the mean (± SD) of the likelihood value for the 

assigned cause of death across cases was 96.5% (±4.8%). The likelihood rate across cases varied 

with the range between 85-100%. In this analysis, the probable causes of infant deaths were 

classified into an age group of neonatal (<1month) and post-neonatal (1-11months). The analysis 

revealed that there were considerable major differences in the causes of infant death structure by 

age group. 
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4.1.2.1 Neonatal Cause of Death (n=192)  

Across all the study area, nearly half of neonatal deaths (47.0%) occurred within 24 hours of birth, 

and about 10.4% die more than 24 hours after birth but within 48 hours from birth. For a further 

14.6% deaths occurred more than 48 hours from birth but within the first week of life and for the 

rest 28.0% deaths were after the first week, but within first 28 days.  

 

Among neonatal deaths, the three major causes of deaths were neonatal pneumonia (33.9%), 

followed by birth asphyxia (32.3%) and prematurity (14.6%). The fourth leading cause of death 

was meningitis and encephalitis which was responsible for 5.2 percent of death under this age 

group. Congenital malformation and neonatal sepsis were found to be another cause of neonatal 

mortality with 4.7 percent and 4.2 percent respectively. Diarrhea diseases caused about 3.1 percent 

of neonate death and for the remaining 2.1 percent no cause could be determined which concluded 

under other and unspecified neonatal cause of death.  

4.1.2.2 Post-Neonatal Cause of Death (n=170)  

In the post-neonatal age group, the leading cause of death was acute respiratory infection including 

pneumonia, which is responsible for 45.3% of all deaths in this age category. Close to one-third 

(32.4%) of death were due to diarrheal diseases which accredited to the second largest cause of 

deaths and malaria positioned at the third major cause of death, which accounted for one of every 

ten deaths (10.0%). 

 

The result revealed that about 2.9 percent of deaths were due to severe malnutrition. The other 

illness that attributed to death under this age group was measles, which took a toll of 2.4 percent 

followed by pulmonary tuberculosis (1.8%) and non-obstetric sepsis (1.2%). Few deaths were 

ascertained due to HIV/AIDs related and meningitis and encephalitis each accounted for 0.6% of 

death. Deaths due to accidents found to be 2.4%, typically from contact with venomous animals 

and plants (1.8%) and accidental poisoning and exposure to noxious substance (0.6%). The 

remaining (0.6%) appeared to be other and unspecified infectious disease cause of death. 

 

4.1.2.3 Overall Cause of Infant Death (n=362)  

Of the total infant died, the findings indicate the highest mortality load among infants was diseases 

of respiratory system, particularly acute respiratory infection including pneumonia in post-neonate 

and neonatal pneumonia, which accounted for 20.7% and 17.7% respectively and causing in a 

combination of 38.4 percent infant deaths in the study area.  

 

The mortality risk due to birth asphyxia was the next leading cause of deaths, accounted for 16.4% 

of infant death. Almost one-sixth (16.3%) of the infant were died as a result of diarrheal diseases. 

About 7.4% of deaths were associated with prematurity. Deaths due to malaria, meningitis and 

encephalitis, and sepsis appeared to be another identified cause of death conditions that contributed 

to 4.3%, 3.0%, and 2.5% of infant death, respectively. Moreover, congenital malformation (2.4%), 

severe malnutrition (1.3%) and measles (1.0%) were also observed as causes that directly lead to 
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infant deaths. Pulmonary tuberculosis (0.8%) and HIV/AIDS related death (0.3%) were the least 

ranked conditions among the deceased infant, and further 1.1% was causes due to accidents. 

 

Figure 11: Percentage distribution of cause of infant death 

As per consolidated into a broad WHO cause category, Infectious and parasitic diseases causes 

exhibited 48.7 percent —with a high burden on post neonate age group, followed by neonatal 

cause of death (47.4%), nutritional and endocrine disorder (1.4%), external causes of death (1.1%) 

and the remaining (1.4%) were reportedly unknown cause (see Table 4). 
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Table 4: Cause-specific infant mortality fraction by WHO VA category and age group in Eastern 

Ethiopia, 2016-18 

  
Code 

 

Causes of Infant 

Death 
(WHO VA cause category) 

 

Frequency %(CI,95%) 

Distribution of Infant Death 

 

 

Total         

%( CI, 95%)       Neonate    Post Neonate  

01 Infectious and parasitic diseases  4.5(1.9-5.9) 44.2(38.1-48.2) 48.7(41.8-52.1) 

  01.01 Sepsis  - 0.5(0.0-1.3) 0.5(0.0-1.3) 

  01.02 Acute respiratory 

infection, including 

pneumonia  

- 21.3(16.5-24.9) 21.3(16.5-24.9) 

  01.03 HIV/AIDS related 

death  

- 0.3(0.0-0.8) 0.3(0.0-0.8) 

  01.04 Diarrheal diseases  1.7(0.03-2.2) 15.2(11.5-18.9) 16.9(12.5-20.1) 

  01.05 Malaria  - 4.7(2.3-6.5) 4.7(2.3-6.5) 

  01.06 Measles  - 1.1(0.03-2.2) 1.1(0.03-2.2) 

  01.07 Meningitis and 

encephalitis  

2.8(1.1-4.5) 0.3(0.0-0.7) 3.1(1.3-4.8) 

 01.08 Pulmonary 

tuberculosis  

- 0.8(0.0-1.7) 0.8(0.0-1.7) 

03 Nutritional and endocrine 

disorders  
- 1.4(0.13-2.5) 1.4(0.13-2.5) 

  03.01 Severe malnutrition  - 1.4(0.13-2.5) 1.4(0.13-2.5) 

10 Neonatal causes of death  47.4(40.7-51.0) - 47.4(40.7-51.0) 

  10.01 Prematurity  7.7(5.1-10.7) - 7.7(5.1-10.7) 

  10.02 Birth asphyxia  17.1(12.6-20.2) - 17.1(12.6-20.2) 

  10.03 Neonatal 

pneumonia  

17.9(13.8-21.6) - 17.9(13.8-21.6) 

  10.04 Neonatal sepsis  2.2(0.6-3.4) - 2.2(0.6-3.4) 

  10.05 Congenital 

malformation  

2.5(0.8-3.9) - 2.5(0.8-3.9 

12 External causes of death  - 1.1(0.03-2.2) 1.1(0.03-2.2) 

  12.01 Contact with 

venomous animals and 

plants  

- 0.8(0.0-1.7) 0.8(0.0-1.7) 

  12.02 Accidental 

poisoning and exposure to 

noxious substance  

- 0.3(0.0-0.9) 0.3(0.0-0.9) 

99 Cause of death unknown 1.1(0.03-2.2) 0.3(0.0-0.9) 1.4(0.13-2.5) 

 Total deaths 53.0(45.6-55.9) 47.0(40.7-50.9) 100 
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4.1.3 Pattern of associated factors with specific-causes of deaths against all-causes of death  

Independent factors in multivariable analysis have been identified through pattern of selected 

factors associated with each leading specific-causes of infant death (ARTI including pneumonia, 

diarrheal death, birth asphyxia, prematurity and malaria) as compared to those infant who died 

from all other cause of death in combined.   

Result from ARI-specific mortality model showed that, infant mortality from Acute respiratory 

infection, including pneumonia shows a strong significant association with younger maternal age 

(<20 years old), deaths out of heath facilities and unmarried women than all other causes of infant 

death. Lower maternal age (<20 Years old) was almost 5 times more likely to die of Acute 

respiratory infection, including pneumonia than all other causes of infant death combined 

(P=0.001, AOR: 4.82, 95% CI: 1.88, 12.3). Infants being died out of health facilities were also 

associated with nearly 3 times higher risk of ARTI death as compared to mortality from all other 

causes (P=0.007, AOR: 2.85, 95% CI: 1.33, 6.12). Significant interaction were observed for those 

died infants with unmarried mothers, but resulted in lower chance (P=0.041, AOR: 0.46, 95% CI: 

0.22, 0.97) of ARTI-related death than those who died from other all-causes (see Table 5). 

Analysis from diarrhea-specific mortality model indicated that post-neonates period and wet 

seasons have more pronounced significant association with diarrhea death than all-cause of death. 

The post-neonatal period had almost 16 times higher risk of diarrhea death than non-diarrheal 

deaths (P=0.000, AOR: 15.5, 95% CI: 6.35, 37.8). Wet seasons had significantly 2 times higher 

chance of infant death due to diarrhea than other cause of death (P=0.006, AOR: 2.38, 95% CI: 

1.28, 4.44) (see Table 5). 

Infant mortality from birth asphyxia shows a statistical significant relationship, but less likely to 

occur, with male sex (P=0.039, AOR: 0.52, 95% CI: 0.28, 0.97) and being died out of heath 

facilities (P=0.002, AOR: 0.32, 95% CI: 0.16, 0.66), as compared to mortality from all other 

causes. Infant died out of health facilities was the only associated factor with prematurity death, 

but lower odds (P=0.001, AOR: 0.24, 95% CI: 0.10, 0.57) (see Table 5). 

Infant who died from malaria is more closely associated with age of mothers between 20-35 years 

old and infant who resided in districts of Afar region. Infant with age of mothers between 20-35 

years old were 4 times (P=0.024, AOR: 4.44, 95% CI: 1.22, 16.2) higher to die of malaria than 

malaria-unrelated death. Similarly, infant who resided in districts of Afar region were 4 times 

higher to die of Malaria than non-malaria death (P=0.013, AOR: 4.08, 95% CI: 1.35, 12.4). 

Significant association is observed on the risk of death from malaria in wet season, but the 

likelihood of dying resulted less (P=0.024, AOR: 0.22, 95% CI: 0.06, 0.82) (see Table 5). 
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Table 5: Multivariable logistic regression analysis of factors associated with cause-specific 

mortality against all other cause of infant death in Eastern Ethiopia, 2016-18 

Factors 
Adjusted odds Ratio (95% CI) 

Model 1 Model 2 Model 3 Model 4 Model 5 

Maternal Age   

<20 Years old 4.82 (1.88, 12.3)* 0.14 (0.02, 1.11) - - 1.43 (0.17, 11.8) 

20-34 Years old 1.03 (0.43, 2.50) 1.14 (0.36, 3.64) - - 4.44 (1.22, 16.2)* 

>35years old 1 1 - - 1 

Marital status  

Unmarried  0.46 (0.22,0.97)* 0.85 (0.33, 2.18) 6.92(0.91, 52.4) - - 

Married 1 1 1 - - 

Mother’s 
education  

No education - - 0.59(0.19, 1.84) 0.24(0.03, 1.85) - 

Educated  - - 1 1 - 

Occupational 

status   

Housewife - - 0.39(0.11, 1.37) - - 

Others - - 1 - - 

Infant Age  

Post-neonate 1.40(0.90, 2.18) 15.5(6.35, 37.8)* - - - 

Neonate 1 1 - - - 

Sex of Infant  

Male - 1.21(0.65, 2.27)  0.50(0.27, 0.92)* - - 

Female - 1 1 - - 

Seasons of 

death  

Wet seasons - 2.38(1.28, 4.44)* - - 0.22 (0.06, 0.82)* 

Dry seasons - 1 - - 1 

Place of death  

Outside of 
health facilities 

2.85 (1.33,6.12)* 1.49 (0.46, 4.77) 0.34(0.17, 0.67) 0.24(0.10, 0.57)* - 

Health facilities 1 1 1 1 - 

Administration 

Division  

Districts in Afar 
region 

- 
- - - 4.08 (1.35, 12.4)* 

Districts in 

Oromia region 
- 

- - - 1 

- Factors that hadn’t p-value of <0.2 from bivariate analysis & not eligible in multivariable  
Model 1: Association of factors with deaths due to ARTI versus all other causes of death 
Model 2: Association of factors with deaths due to diarrhea versus other cause of death 
Model 3: Association of factors with deaths due to birth asphyxia versus other cause  
Model 4: Association of factors with deaths due to prematurity versus other cause of death 
Model 5: Association of factors with deaths due to malaria versus other cause of death 
*statistically significant at p<0.05 
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4.2 The risk of Water, Sanitation and Hygiene on Diarrhea-related infant 

mortality 

A total of 305 study subjects (61 cases and 244 controls) were included in the study, which yields 

the non-response rate 8.9% for both cases and controls. Among these studied subjects, 61 were 

infants who died as the result of diarrheal disease (cases), and 244 were those who survived their 

first year of life (controls) ,which was nested in a longitudinal survey database (from September 

2016 to August 2018) residing in Eastern Ethiopia.  

4.2.1 Socio-demographic characteristics associated with infant diarrheal death 

Of the interviewed infants‘ mothers/caretakers, the mean age (± SD) of the respondent among 

cases (infant who died due to diarrhea) was 26.8 (±3.9) years old and 27.8 (±4.5) for controls 

(infant who survived their first year of life). The majority of the infants‘ mothers of the cases fall 

within the youth age group of 20-34 (90.2%), while it was (82.0%) for the controls. About 44.3% 

of cases and 48.4% of controls had history of having borne two to four viable offspring (Parity).  

The mean (± SD) family size of households with infants in the cases was 4.70 (±1.98) and 4.99 

(±1.96) for controls. Majority of the study participants were married at 96.7% of cases and 98.0% 

of controls. Oromo ethnic group comprises the largest proportion of the study subjects (90.2% of 

cases and 87.3% of controls). Muslim followers were larger in the study participants at 98.4% for 

cases and 88.5% for the control group. The majority of the respondents (88.5% of cases and 74.2% 

of controls) were not educated. Likewise, most of the spouse of the cases (78.7%) was uneducated 

as compared with the controls (65.2%). Almost equal proportion of the cases (90.2%) and the 

controls (90.6%) were housewives by occupation. Spouse‘s occupational status between the two-

study groups indicated that about (90.2%) cases and (85.7%) controls were found to be 

farmers/own farm labor. High proportion of controls (50.8%) compared with that of cases (45.9%) 

had an average household monthly income of more than and equal to 570 ETB.  

The bivariate analysis between socio-demographic characteristics and diarrhea-associated infant 

death indicated that religion as well as mothers and spouse‘s level of education were significantly 

associated with infant‘s diarrheal death. In this analysis, infant death from diarrhea was found to be 

higher among Muslim mothers/caretakers than Christian (P=0.046, COR: 7.78, 95% CI:1.03, 

58.3). There were greater odds of infant death from diarrhea in infants whose mothers/caretakers 

were uneducated than in infants whose mothers/caretakers had completed some education. 

(P=0.021, COR: 2.69, 95% CI: 1.16, 6.21). The odds of uneducated spouse was also higher among 

death of infant from diarrhea as compaired to those of spouse who had attained a certain level of 

education (P=0.046, COR: 1.97, 95% CI: 1.01, 3.85) (see Table 6). 
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Table 6: Frequency distribution and bivariate analysis of socio-demographic characteristics with 

diarrheal cases and controls in Eastern Ethiopia, 2016-18 

Socio-demographic 

Characteristics 

 

Case Control 
Crude Odds 

Ratio 

(95% CI) 

P-

value 
n % n % 

Age of the mother       

     <20 Years old 5 8.2 18 7.3 7.22 (0.77, 67.1) 0.082 

     20-34 Years old 55 90.2 200 82.0 7.15 (0.95, 53.9) 0.056 

>35years old 1 1.6 26 10.7 1 - 

Parity       

1st 22 36.0 72 29.5 1.38 (0.63, 3.02) 0.428 

2nd-4th 27 44.3 118 48.4 1.03 (0.49, 2.19) 0.939 

>5 12 19.7 54 22.1 1 - 

Household Family Size       

>5 18 29.5 91 37.3 0.70 (0.38, 1.29) 0.258  

<5  43 70.5 153 62.7 1 - 

Maternal Marital Status       

Married  59 96.7 239 98.0 0.62 (0.12, 3.26) 0.570  

Unmarried 2 3.3 5 2.0 1 - 

Ethnicity        

Oromo 55 90.2 213 87.3 1.33 (0.53, 3.36) 0.540  

Others 6 9.8 31 12.7 1 - 

Religion       

Muslim 60 98.4 216 88.5 7.78 (1.03, 58.3)* 0.046 

Christian 1 1.6 28 11.5 1 - 

Mother’s level of 

education       

No education 54 88.5 181 74.2 2.69 (1.16, 6.21)* 0.021 

Educated  7 11.5 63 25.8 1 - 

Spouse’s level of 

education       

No education 48 78.7 159 65.2 1.97 (1.01, 3.85)* 0.046  

Educated  13 21.3 85 34.8 1 - 

Mother’s Occupation       

Housewife 55 90.2 221 90.6 0.95 (0.37, 2.46) 0.922  

Others 6 9.8 23 9.4 1 - 

Spouse’s Occupation       

Farmer/own farm labor 55 90.2 209 85.7 1.54 (0.61, 3.84) 0.359  

Others 6 9.8 35 14.3 1 - 

Households Average 

Monthly Income (ETB)     

  

<570ETB  33 54.1 120 49.2 1.22 (0.69, 2.14) 0.492  

>570ETB 28 45.9 124 50.8 1 - 

*Risk factors significantly associated at p-value<0.05                                         
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4.2.2 Environmental Variables (Water Supply, Sanitation and Hygiene) Associated with 

Risk of Infant death due to Diarrhea 

The distribution of cases and controls as well as bivariate analysis in the different categories of 

Water supply, Sanitation and Hygiene presented as follows:   

 

4.2.2.1 Risk of access and use of water supply associated with infant’s diarrheal death 

Almost equal proportion of case (78.7%) and control (78.3%) group of infant‘s households were 

used improved water sources. The household‘s time to access water source resulted with 30 

minutes or less (65.6% of case and 62.7% of control). About 85.2% of cases and 82.0% controls 

fetched water within 1km radius from their dwelling. Most of the infants in the households with 

less than 25 liters water consumption per capita per day among case and control group appears to 

be 88.5% and 75.4%, respectively. The vast majority of cases (91.8%) and controls (79.1%) among 

infants in the households found with water inaccessibility (i.e households not access to at least 25 

liters per capita per day within a distance up to 1km radius). High proportion of cases 65.6% 

compared with that of control (40.2%) found to have unsafe drinking water storage. Majority of 

controls (65.2%) compared with case (52.5%) reported to know at least one and more households 

point-of-use drinking water treatment methods. However, about 80.3% of the cases and 61.5% of 

controls‘ group have ever practiced water treatment at household‘s point-of-use. 

  

In the bivariate analysis, the exposure variables that showed significant association with diarrheal-

related infant death were households Water Consumption Per Capita per day with less than 25 

l/c/day (P=0.031, COR: 2.52, 95% CI: 1.09, 5.82), households water inaccessibility (P=0.028, 

COR: 2.96, 95% CI: 1.13, 7.77), households with unsafe drinking water storage (P<0.001, COR: 

2.84, 95% CI: 1.58, 5.10), households reported as did not practices any water treatment at point-of-

use (P=0.007, COR: 2.56, 95% CI: 1.29, 5.06) as compared to the reference group (see Table 7). 
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Table 7: Frequency distribution and bivariate analysis of drinking water access and use with 

diarrheal cases and controls in Eastern Ethiopia, 2016-18 

Water Supply 

Characteristics 

Case Control Crude Odds 

Ratio 

(95% CI) 

P-

value n % n % 

Households Water Source       

     Unimproved 13 21.3 53 21.7 0.98 (0.49, 1.94) 0.945 

     Improved 48 78.7 191 78.3 1 - 

Time to access water       

Above 30 minutes 21 34.4 91 37.3 0.88 (0.49, 1.59) 0.678 

30 minutes or less 40 65.6 153 62.7 1 - 

Distance to access water       

Above 1km radius 9 14.8 44 18.0 0.79 (0.36, 1.72) 0.546 

Within 1km radius 52 85.2 200 82.0 1 - 

Water quantity (Water  

Consumption Per Capita per 

day)       

Less than 25 l/c/day 54 88.5 184 75.4 2.52 (1.09, 5.82)* 0.031 

25 l/c/day and above 7 11.5 60 24.6 1 - 

Households Water 

Accessibility¥       

Not accessible 56 91.8 193 79.1 2.96 (1.13, 7.77)* 0.028 

Accessible 5 8.2 51 20.9 1 - 

Drinking Water Storage       

Unsafe 40 65.6 98 40.2 2.84(1.58, 5.10)** 0.000 

Safe  21 34.4 146 59.8 1 - 

Household Point-of-use 

water treatment knowledge        

Do not know at all 29 47.5 85 34.8 1.69 (0.96, 2.99) 0.068 

Knows at least 1 and more 

methods 32 52.5 159 65.2 1 - 

Household Point-of-use 

water treatment Practices       

Do not treat 49 80.3 150 61.5 2.56 (1.29, 5.06)* 0.007 

Treat Water 12 19.7 94 38.5 1 - 
*Risk factors significantly associated at p-value<0.05 
**Risk factors significantly associated at p-value<0.001 
¥ Water Accessible: HHs access to at least 25 liters per capita per day within 1km from improved water sources                                            

 

4.2.2.2 Risk of sanitation associated with infant’s diarrheal death 

About 65.6% of the cases and 76.2% of controls infants in the households had their own latrine. 

Nearly a similar proportion of households in cases and controls have practiced open defecation 

(21.3% for cases and 20.1% for controls). The household‘s latrine utilization appears to be 60.7% 

in cases and 71.3% in the control group. Less than half of the study subject (39.3%) in cases and 

about 49.6% in controls have found with cleaned latrines. Hand washing facilituies near to latrine 

comprises the less proportion in case (18%) than in the control (50%). The majority of cases 

(83.6%) compared with controls (66.4%) in the households found with unimproved sanitation 

status. Unsafe disposes of child feces in the households appear in large in cases (70.5%) than in 

control (39.8%). About 54.1% of cases and 79.9% of controls in the households dispose solid 

wastes in improper way. Majority of cases (82.0%) as compared with controls (57.4%) found with 

unsafe disposal of liquid wastes by the households. 
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Comparison of variables that were statistically significant with infant death due to diarrhea in 

crude analysis includes households with unimproved sanitation (P=0.011, COR: 2.58, 95% CI: 

1.25, 5.35), households with unsafe disposing of child feces (P<0.001, COR: 3.62, 95% CI: 1.97, 

6.64), households with improper management of solid waste (P<0.001, COR: 4.69, 95% CI: 2.59, 

8.49),  infants in the households who disposed liquid waste unsafely (P=0.001, COR: 3.38, 95% 

CI: 1.68, 6.80), unavailability of hand washing facility near to latrine (P<0.001, COR: 5.46, 95% 

CI: 2.57, 11.6) as compared to their reference group (see Table 8).  

 

Table 8: Frequency distribution and bivariate analysis of sanitation with diarrheal cases and 

controls in Eastern Ethiopia, 2016-18 

Sanitation  

Characteristics  

 

Case Control Crude Odds Ratio 

(95% CI) 

P-

value n % n % 

Latrine Ownership       

     No latrine 22 36.1 67 27.5 1.49 (0.82, 2.69) 0.188 

     Have Latrine 39 63.9 177 72.5 1 - 

Open Defecation 

Practices       

Yes 13 21.3 49 20.1 1.08 (0.54, 2.15) 0.831 

No 48 78.7 195 79.9 1 - 

Household Latrine 

Utilization       

No 24 39.3 70 28.7 1.61 (0.89, 2.89) 0.109 

Yes 37 60.7 174 71.3 1 - 

Household Latrine 

Cleanness       

No 18 29.5 64 26.2 1.42 (0.72, 2.81) 0.316 

Yes 24 39.3 121 49.6 1 - 

Not applicable 19 31.2 59 24.2   

Hand washing Facility 

near to latrine        

No 31 50.8 63 25.8 5.46 (2.57, 11.6)** 0.000 

Yes 11 18.0 122 50.0 1 - 

Not applicable 19 31.2 59 24.2   

Sanitation Status       

Unimproved sanitation 51 83.6 162 66.4 2.58 (1.25, 5.35)*  0.011 

Improved sanitation 10 16.4 82 33.6 1 - 

Households Disposing 

of Child feces        

Unsafe 43 70.5 97 39.8 3.62 (1.97, 6.64)** 0.000 

Safe 18 29.5 147 60.2 1 - 

Solid waste 

Management       

Improper management 33 54.1 49 20.1 4.69 (2.59, 8.49)** 0.000 

Proper management 28 45.9 195 79.9 1 - 

Liquid waste 

Management       

Improper management 50 82.0 140 57.4 3.38 (1.68, 6.80)* 0.001 

Proper management 11 18.0 104 42.6 1 - 

*Risk factors significantly associated at p-value<0.05 

**Risk factors significantly associated at p-value<0.001 
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4.2.2.3 Risk of hygiene associated with infant’s diarrheal death 

The result showed that about 29.5% in case group and 9.8% in controls of the respondents reported 

as did not washing their hands at any critical time. Handwashing practices were scored less than 

three critical time of hand washing, which shows almost similar proportion in both comparative 

groups (59.0% for cases and 59.5% for controls). The majority of cases group (41.0%) reported as 

not used any agnets during handwashing as compared with controls (26.6%).   

In the bivariate analysis, infants whose mothers/caretakers in the households did not practice hand 

washing in any critical time at all shows higher odds than households practiced three and more 

critical time of hand washing (P<0.001, COR: 8.04, 95% CI: 2.99, 21.6). Infants in the households 

practiced less than three critical time of hand washing was two times more likely to dying from 

diarrhea than households practiced three and more critical time of hand washing (P=0.002, COR: 

2.66, 95% CI: 1.13, 6.26). The occurrence of diarrhea death among infant‘s whose mothers/ 

caretakers did not use any agents (water with soap or ash/abrasives) during hand washing had 

higher odds than those who used agents (P=0.030, COR: 1.91, 95% CI: 1.07, 3.43) (see Table 9). 

 

Table 9: Frequency distribution and bivariate analysis of hygiene characteristics with diarrheal 

cases and controls in Eastern Ethiopia, 2016-18 

Hygiene 

Characteristics 

 

Case Control Crude Odds Ratio 

(95% CI) 

 

P-

value n % n % 

Critical Time of Hand 

washing Practices       

Do not practiced hand 

washing in any critical 

time  18 29.5 24 9.8 8.04 (2.99, 21.6)** 0.000 

     Practiced less than 

three critical time of 

Hand washing 36 59.0 145 59.5 2.66 (1.13, 6.26)* 0.002 

     Practiced 3 and 

more critical time of 

Hand Washing 7 11.5 75 30.7 1 - 

Agents used during 

Hand washing        

Not used any agents 25 41.0 65 26.6 1.91 (1.07, 3.43)* 0.030 

Used (water + soap or 

ash/abrasives) 36 59.0 179 73.4 1 - 

*Risk factors significantly associated at p-value<0.05 

**Risk factors significantly associated at p-value<0.001 
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4.2.3 Multivariable’s Logistic Regression Analysis 

In the multivariable logistic regression, variables that were significantly associated with infant 

diarrheal death identified includes age of mother with <20 years old, unsafe drinking water 

storage, infants in households without point-of-use water treatment practices, households with 

unimproved sanitation status, households with unsafe disposing of child feces, households with 

improper management of solid and liquid waste, households with no and lesser as well as not hand 

washing practices at critical time.  

 

In this analysis, infants whose age of mother being lower than 20 years old had significant 

relationship with higher odds to occur infant death due to diarrhea as compared to those reference 

group of age ≥35 years (P=0.010, AOR: 21.7, 95% CI: 2.10, 224.7). However, mother‘s religious 

status, mothers and spouse‘s level of education did not show statistically significant association 

with infant‘s diarrheal death, particularly after adjustment. 

 

Infants in households with unsafe drinking water storage and households treating their drinking 

water at point-of-use showed significant association with infant diarrheal death. The households 

exposed to unsafe drinking water storage were 2.59 times more likely to be occurred infant death 

from diarrhoea as compared to that of safe drinking water storage (P=0.014, AOR: 2.59, 95% CI: 

1.22, 5.56). Those infant with households who did not treat their drinking water at point-of-use 

were 4.73 times more likely to having infant death from diarrheal than those treated their drinking 

water (P=0.004, AOR: 4.73, 95% CI: 1.66, 13.5).  

 

The occurrence of diarrheal death among infants in households with unimproved sanitation status 

had higher odds than households with those households with improved sanitation (P=0.050, AOR: 

2.74, 95% CI: 0.99, 7.58). Compared to households with the safe disposing of child faeces, those 

disposing unsafely were found with an increased odds of infant death due to diarrhoea (P=0.015, 

AOR: 2.88, 95% CI: 1.23, 6.75). Infant diarrheal death were higher odds to happen in the 

households disposing solid wastes improper than those properly managed (P=0.003, AOR: 3.33, 

95% CI: 1.50, 7.07). Households with improper management of liquid waste management found 

with three times more likely to occur diarrhea-associated infant death as compared to those with 

proper liquid waste management (P=0.011, AOR: 3.38, 95% CI: 1.32, 8.66).  

 

Infants whose mother/caretaker did not practiced hand washing at any critical times was four times 

greater to be dying from diarrhea than those who had practice more than three critical times of 

hand washing (P=0.015, AOR: 4.71, 95% CI: 1.34, 16.5). The odds of occurring infant death from 

diarrhea was also higher among study participants who had practice hand washing in less critical 

times (lesser than three times) than those who practices three and more critical times (P=0.029, 

AOR: 2.99, 95% CI: 1.12, 8.04) (see Table 10).   
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Table 10: Bivariate and multivariable logistic regression for the risk factors associated with 

diarrhoea- related cases and controls in Eastern Ethiopia, 2016-18 

Variables 

 

Case Control Odds Ratio (95% CI) 

n % n % Crude Adjusted 

Age of the mother       

     <20 Years old 5 8.2 18 7.3 7.22 (0.77, 67.1)  21.7 (2.10, 224.7)* 

     20-34 Years old 55 90.2 200 82.0 7.15 (0.95, 53.9) 1.59 (0.37, 6.77) 

>35years old 1 1.6 26 10.7 1 1 

Religion       

Muslim 60 98.4 216 88.5 7.78 (1.03, 58.3)* 1.57 (0.18, 13.9) 

Christian 1 1.6 28 11.5 1 1 

Mother’s level of 

education       

No education 54 88.5 181 74.2 2.69 (1.16, 6.21)* 1.92 (0.45, 8.19) 

Educated at some level  7 11.5 63 25.8 1 1 

Spouse’s level of 

education       

No education 48 78.7 159 65.2 1.97 (1.01, 3.85)* 1.39 (0.41, 4.65) 

Educated at Some level 

of schooling 13 21.3 85 34.8 

1 1 

Water quantity (Water  

Consumption Per 

Capita per day)       

Less than 25 l/c/day 54 88.5 184 75.4 2.52 (1.09, 5.82)* 4.79 (0.59, 38.7) 

25 l/c/day and above 7 11.5 60 24.6 1 1 

Households Water 

Accessibility       

Not accessible 56 91.8 193 79.1 2.96 (1.13, 7.77)* 0.95 (0.09, 9.66) 

Accessible 5 8.2 51 20.9 1 1 

Drinking Water 

Storage       

Unsafe 40 65.6 98 40.2 2.84(1.58, 5.10)** 2.59 (1.22, 5.56)* 

Safe  21 34.4 146 59.8 1 1 

Household Point-of-

use water treatment 

knowledge        

Do not know at all 29 47.5 85 34.8 1.69 (0.96, 2.99) 1.14 (0.44, 2.93) 

Knows at least 1 and 

more methods 32 52.5 159 65.2 1 

1 

Household Point-of-

use water treatment 

Practices       

Do not treat 49 80.3 150 61.5 2.56 (1.29, 5.06)* 4.73 (1.66, 13.5)* 

Treat Water 12 19.7 94 38.5 1 1 
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Table 10 (Continued)  

Variables 

 

Case Control Odds Ratio (95% CI) 

n % n % Crude Adjusted 

Latrine Ownership       

     No latrine 21 34.4 58 23.8 1.49 (0.82, 2.69) 0.68 (0.09, 5.37) 

     Have Latrine 40 65.6 186 76.2 1 1 

Household Latrine 

Utilization       

No 24 39.3 70 28.7 1.61 (0.89, 2.89) 3.87 (0.59, 25.5) 

Yes 37 60.7 174 71.3 1 1 

Hand washing Facility 

near to latrine         

No 31 50.8 63 25.8 5.46 (2.57, 11.6)** 4.59 (1.69, 12.5) 

Yes 11 18.0 122 50.0 1 1 

Sanitation Status       

Unimproved sanitation 51 83.6 162 66.4 2.58 (1.25, 5.35)* 2.74 (0.99, 7.58)* 

Improved sanitation 10 16.4 82 33.6 1 1 

Households Disposing 

of Child feces        

Unsafe 43 70.5 97 39.8 3.62 (1.97, 6.64)** 2.88 (1.23, 6.75)* 

Safe 18 29.5 147 60.2 1 1 

Solid Waste 

Management       

Improper management 33 54.1 195 79.9 4.69 (2.59, 8.49)** 3.33 (1.50, 7.07)* 

Proper management 28 45.9 49 20.1 1 1 

Liquid Waste 

Management       

Improper management 50 82.0 140 57.4 3.38 (1.68, 6.80)* 3.38 (1.32, 8.66)* 

Proper management 11 18.0 104 42.6 1 1 

Critical Time of Hand 

washing Practices       

Do not practiced in any 

critical time  18 29.5 24 9.8 8.04 (2.99, 21.6)** 4.71 (1.34, 16.5)* 

     Practiced less than 

three critical times  36 59.0 145 59.5 2.66 (1.13, 6.26)* 2.99 (1.12, 8.04)* 

     Practiced in 3 and 

more critical time  7 11.5 75 30.7 1 1 

Agents used during 

Hand washing        

Not used any agents 51 83.6 78 32.0 1.91 (1.07, 3.43)* 1.92 (0.86, 4.27) 

Used (water + soap or 

ash/abrasives) 10 16.4 166 68.0 1 1 

*Risk factors significantly associated at p-value<0.05 

**Risk factors significantly associated at p-value<0.001 
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4.3 Molecular detection of Pathogens “Causing most of infants’ Severe and fatal 

diarrhea” in infant drinking water and their relationship with water quality 

determinants  

4.3.1  General Characteristics of Study Population and Households   

This study included 410 infant-containing households, resulting in a 97.0% response rate. The 

reasons for the non-response were a refusal to engage in the interview and the disposal of some 

water samples. The study subjects' mean age (+ SD) was 8.35 (± 2.59) months. The majority of the 

study population fell within the age group of 6–12 months at 73.4%. The sex composition 

consisted of 217 (52.9%) males and 193 (47.1%) females, making the overall sex ratio of 1.1:1. 

 

Among the 410 households with infants surveyed, the majority (37.3%) were getting their drinking 

water from a piped public tap/standpipe. This was followed by unprotected springs, used by 28.8% 

of the households; protected springs (12.0%); and piped water in their own yard or premises 

(10.2%). Almost one-third of the households (32.7%) have no access to an improved source of 

drinking water. Nearly all (99.8%) of the households did not treat drinking water before they 

provided it to the infant. The majority of the households (94.9%) were observed to be storing their 

drinking water in an unsafe manner. About 71.7% of the households had fetched water at the 

present time prior to the survey. Most of the households (83.7%) collected their water from water 

points in public spaces. Almost all (99.8%) of the household water samples tested had residual 

chlorine that was not within the standard required level (between 0.2 and 0.5 mg/l) (see Table 3). 
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Table 11: Demographic and drinking water characteristics in the study population of Eastern 

Ethiopia, June 2010- May 2021 

 
Characteristics Frequency(n) Percentage (%) 

Age of Infant   

<6months 109 26.6  
6-12 months old 301 73.4 

Sex of Infant   
Male 217 52.9 

Female 193 47.1 

Primary water Source type   
Piped water into dwelling 4 1.0 

Piped water into yard or plot 42 10.2 
Piped water, public tap/standpipe 153 37.3 

Piped water kiosk or retailer 7 1.7 

Protected dug well 8 2.0 
Protected spring 49 12.0 

Bottled water 13 3.2 
Unprotected dug well 1 0.2 

Unprotected spring 118 28.8 

River water 2 0.5 
Irrigation canal 13 3.2 

Water Source Improvement status   

Improved water source 276 67.3 
Unimproved water source 134 32.7 

Point-of-use water treatment Practices   

Do not treat 409 99.8  
Treat Water 1 0.2 

Drinking Water Storage   
Unsafe 389 94.9 

Safe 21 5.1 

When water is fetched?   
Today 294 71.7 

Yesterday 87 21.2 

Days ago 29 7.1 

Where the water point is found?   

In the dwelling 17 4.1 
Private yard/plot 37 9.0 

Neighbor’s yard/shared compound 13 3.2 

Public Space 343 83.7 

Residual chlorine   

Not between 0.2 and 0.5mg/l 409 99.8 

Between 0.2 and 0.5mg/l 1 0.2 

 

4.3.2 LAMP Results in Infants Point-of-use Water Sample 

Of the total 410 water samples tested using the LAMP technique, 28.5% [95%, CI, 24.2-32.9] were 

found to be positive for Cryptosporidium oocysts, about 30.0% [95%, CI, 25.6-34.4] were positive 

for Shigella species, 26.3% [ 95% CI, 22.1-30.6] were positive for toxin-producing strains of 

E.coli, and 32.2% [ 95% CI, 27.7- 36.7] were positive for rotavirus. In total, 13% [95% CI, 9.9-

16.4] of the water samples were positive for all four pathogens mentioned above, which were 

detected in the same water sample ( see Figure 12). 
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   Figure 12: Prevalence of waterborne pathogens from infant drinking water sample at household 
 

4.3.3 LAMP Results in Water Sources 

The study included a total of 37 water samples that were collected from various types of water 

sources used by the households for infant ingestion in various geographic locations. These include 

a public tap/standpipe designated from borehole 16 (43.2%), an unprotected spring at 11 (29.7%), 

a protected spring at 5 (13.5%), a reservoir designated from boreholes 2 (5.4%) and 1 (2.7%) for 

each protected dug well, an irrigation canal, and a river. The positive and negative results of 

pathogens in each source with their location are presented in table 12. About 35.1% of the water 

samples were observed to be drawn from unimproved water sources. The majority of the reported 

water sources (83.8%) did not undergo routine cleaning. The majorities (97.3%) of the water 

sources were untreated on a regular basis, and 73% lacked catchment or fencing. 

 

Out of the 37 water source samples tested, the result showed that 10 (27.0%), 12 (32.4%), 11 

(29.7%), and 14 (37.8%) were positive for Cryptosporidium oocysts, Shigella species, toxin-

producing strains of E. coli, and rotavirus, respectively. In total, 13.5% of the water samples 

tested from water sources was positive for all four pathogens (See Figure 13). 

         

        Figure 13: Prevalence of waterborne pathogens from water sources 
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Table 12: Pathogens positive and negative results in each source with locations 

S.N Source Date 

Location Type of Pathogens 

Latitude 

(N) 

Longitude 

(E) 

Cry Shigella Toxin 
Produce 

E.Coli 

 Rotavirus 

1 Public tap designated from borehole 6/10/2020 05279 4056270 - - - - 

2 Public tap designated from borehole 6/10/2020 06233 04058529 - - - - 

3 Public tap designated from borehole 6/11/2020 02718 04054693 - - - - 

4 Public tap designated from borehole 6/11/2020 03513 04054801 - - - - 

5 Public tap designated from borehole 6/12/2020 08185 04049375 - - - - 

6 Protected spring 6/13/2020 08185 04049375 - - - - 

7 Protected spring 6/13/2020 05963 04053957 - - - - 

8 Unprotected spring 6/14/2020 05268 04047664 - - + - 

9 Unprotected spring 6/14/2020 06251 04048688 - - - + 

10 Reservoir designated from borehole 7/24/2020 0629208 1030652 - - - + 

11 River 7/26/2020 0629030 1042074 - + - - 

12 Public tap designated from borehole 7/27/2020 0635854 1045299 + + + + 

13 Public tap designated from borehole 3/2/2021 0690282 1020122 - - - - 

14 Unprotected spring 3/3/2021 0692900 1015471 - - - - 

15 Unprotected spring 3/4/2021 0707247 1021605 - - - - 

16 Public tap designated from borehole 3/5/2021 0702962 1022129 - - - + 

17 Unprotected spring 3/6/2021 0699855 1018567 - - - - 

18 Unprotected spring 3/7/2021 0691712 1012443 - - - + 

19 Unprotected spring 3/8/2021 0701043 1016519 + + + + 

20 Public tap designated from borehole 3/9/2021 0687259 1013652 + + + + 

21 Public tap designated from borehole 3/10/2021 0680964 1018487 + + - - 

22 Public tap designated from borehole 3/11/2021 0682593 1011179 + + + + 

23 Public tap designated from borehole 3/12/2021 0683120 1010054 - - - + 

24 Unprotected spring 4/2/2021 - - - - - - 

25 Unprotected spring 4/3/2021 - - + - - + 

26 Unprotected spring 4/16/2021 - - - - - + 

27 Unprotected spring 4/17/2021 - - - + - - 

28 Public tap designated from borehole 4/18/2021 - - + + + - 

29 Protected spring 4/19/2021 - - - - - - 

30 Public tap designated from borehole 4/20/2021 - - + + + - 

31 Protected spring 4/21/2021 - - + + + - 

32 Protected spring 4/22/2021 - - - - + - 

33 Irrigation canal 5/3/2021 - - - - - - 

34 Reservoir designated from borehole 5/4/2021 - - + + + + 

35 Protected hand pump 5/5/2021 - - - - - + 

36 Public tap designated from borehole 5/6/2021 - - - + + + 

37 Public tap designated from borehole 5/7/2021 - - - - - - 
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4.3.4 Correlation of pathogens presence between water source and point-of-use sample  

The phi coefficient correlation showed a significant positive relationship between the primary 

water source and infant drinking water at the point-of-use in the household for the presence of 

targeted pathogens. The presence of Cryptosporidium in water source samples and drinking water 

at the point-of-use, thus, showed a statistically significant and moderately positive correlation 

(Phi= 0.527; p=0.000). The presence of Shigella species showed a strong positive correlation 

between the water source and the point-of-use (Phi= 0.524; p=0.000). The presence of a toxin 

producing strain of E. coli  also significantly correlated between water source samples and point 

of use at the household level (Phi= 0.424; p=0.000). Between the water source and the point-of-use 

drinking water at the household level, rotavirus exhibits a significant positive correlation, although 

one that is weak in magnitude (Phi= 0.113; p=0.023). 

4.3.5 Multivariable’s Logistic Regression Analysis 

In binary logistic regression, bivariate analysis indicated that an unimproved water source and the 

length of time water was retained before use were significantly associated with the occurrence of 

Cryptosporidium, Shigella, and toxin-producing strains of E. coli. Variables such as unsafe 

water storage, the retention time of water before use, and fetching water in public spaces showed a 

significant association with the presence of rotavirus. An unimproved water supply and the water 

retained before an infant drinks were significantly associated to the presence of overall pathogens 

in drinking water. 

After adjustment, in the multivariable logistic regression, households with infants who used water 

from unimproved sources were significantly more likely to increase the presence of 

Cryptosporidium oocysts (p=0.000, AOR-Adjusted odds ratio: 4.02, 95% CI: 2.29, 7.04), 

Shigella species (p=0.000, AOR: 4.21, 95% CI: 2.43, 7.29) and toxin-producing strains of E. coli 

(p=0.004, AOR: 2.14, 95% CI: 1.27, 3.59). However, no statistically significant association was 

observed in households using an unimproved water source with the occurrence of rotavirus. The 

households water samples that tested positive for Cryptosporidium were significantly associated 

with those who fetched water days ago (p=0.001, AOR: 0.03, 95% CI: 0.00, 0.26) and one day ago 

(p=0.010, AOR: 0.51, 95% CI: 0.30, 0.85). Similarly, the presence of a toxin producing strain of 

E. coli showed a significant relationship with fetching water on the days ago (p=0.008, AOR: 

0.18, 95% CI: 0.05, 0.64). The presence of rotavirus showed a significant association with those 

households that fetched water one day ago (p=0.002, AOR: 0.46, 95% CI: 0.28, 0.76) prior to the 

survey time. No significant relationship is observed between the presence of each targeted 

microbial pathogen in drinking water samples and the household‘s drinking water storage status as 

well as the household's fetching water places (see Table 12). 

In the final model, the presence of the overall (four) pathogens among water samples showed a 

significant association with households using unimproved water sources, which were 

approximately four times (p=0.001, AOR: 3.96, 95% CI: 1.73, 9.07) higher than those households 

that used improved water sources. The water samples tested from the household‘s drinking water 

that were fetched one day ago were significantly associated with the presence of all targeted 

pathogens in infants drinking water (p=0.009, AOR: 0.44, 95% CI: 0.23, 0.81). 
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Table 13: Multivariable logistic regression analysis for the presence of targeted pathogens in water 

samples and water quality determinants in Eastern Ethiopia 

Variables 
Model 1 

AOR (95% CI) 

Model 2 

AOR (95% CI) 

Model 3 

AOR (95% CI) 

Model 4 

AOR (95% CI) 

Final Model 

AOR (95% CI) 

Water Source  
       Unimproved 

               Improved 

  
 

  

4.02 (2.29, 7.04)* 4.21 (2.43, 7.29)* 2.14 (1.27, 3.59)* - 3.96 (1.73, 9.07)* 

1 1 1  1 

Drinking Water Storage 

                Unsafe 

                Safe 

  
  

 

- - - 

 

1.78 (0.68,4.68) 

1 

- 

 

When water is fetched 

                Days ago 

                Yesterday 

                Today  

  
  

 

0.03 (0.00,0.26)*                 - 0.18 (0.05,0.64)* 1.08 (0.46,2.53)           - 

0.51 (0.30,0.85)* 0.66 (0.39,1.11) 0.65 (0.39,1.09) 0.46 (0.28,0.76)* 0.44 (0.23,0.81)* 

1 1 1 1 1 

Where the water point is 

found? 

              Public Space 

      In the dwelling/ yard 

     

 

- 

 

- 

 

- 

 

 

1.07 (0.59,1.97) 

1 

 

- 

 

- Factors that hadn’t p-value of <0.2 from bivariate analysis & not eligible in multivariable 

Model 1: Association of factors with the presence of Cryptosporidium oocyst in the water sample 

Model 2: Association of factors with the presence of Shigella species in water sample 

Model 3: Association of factors with the presence of toxin producing strain of E. coli in water sample 

Model 4: Association of factors with the presence of rotavirus in water sample 

Final Model: Association of factors with the presence of all targeted pathogens (Cryptosporidium, Shigella, toxin 

producing strain of E. coli and rotavirus) in the sample water sample  

   * Statistically significant at p<0.05  
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CHAPTER FIVE: DISCUSSION 

5.1  Cause of infant deaths and patterns of associated factors 

The exact cause of death is ascertained by postmortem autopsy (213). However, this is not 

practically applicable in most developing countries and, as an alternative Verbal Autopsy has 

become one of the major sources of data for causes of death, which also used for identification of 

major health problems and comparison of local and national mortality ratio differences (85).Most 

of the published on cause of death using verbal autopsy data was interpreted by physician review, 

and this approach is time-consuming, costly and inconvenient (16,86). In recent years, the 

electronically determination of death cause has been introduced and provide an analysis solution 

that is more convenient, consistent, and rapid ways to interpret VA data (86). In our study context, 

InterVA-4 model is preferred to use for assigning cause of infant death as this model is relatively 

better than other available models (SmartVA/Tarrif, InSilicoVA), particularly for neonate and 

children death, when contrasting in terms of  the degree of chance corrected concordance (CCC), 

CCVA (Computerized coding of verbal Autopsy) population Accuracy, PCVA (Physician-certified 

verbal autopsy) performance (214,215). In view of that, the present study was undertaken to 

determine the cause of death using InterVA-4 model and analyze the pattern of associated factors 

between the most leading cause-specific mortality against all-causes of death.    

 

In this study, many different causes of infant death were observed, from infection to birth defects 

or accidents. The study result revealed that the proportion of death in the neonatal stage was higher 

in contrast to post-neonatal period. Similar view was seen in other studies (12,79,216,217). These 

findings clearly proven as neonatal period is the most vulnerable time for a child death 

(218).The most common causes of infant death in the neonatal period are different from those that 

occur in the post-neonatal. Analyses in the interpretation of specific causes of infant mortality 

indicated that neonatal pneumonia, birth asphyxia and prematurity were the three major causes of 

deaths during the neonatal period. Regardless of proportional differences, birth asphyxia and 

prematurity as a common appeared to be leading causes, which have similarity to those of studies 

conducted in some parts of Ethiopia (10,81–83), and other developing countries (12). Some studies 

described infections diseases (sepsis, pneumonia, meningitis, tetanus and diarrhea) are the leading 

cause (10,81,219), which had methodologically and/or application tools differences with this 

study. Evidences from several studies conducted in Ethiopia reported that prematurity, birth 

asphyxia, and neonatal sepsis were the leading causes for neonatal death (79,220). These results 

are consistent to the present study except neonatal sepsis as the proportion of deaths due to sepsis 

appeared to be less in the study area.    

Neonatal Pneumonia is a devastating condition (221), and remained one of the most cause of death 

in Ethiopians children (222). It is a serious respiratory infectious disease in a neonate which can be 

prevented by simple measures such as treatment of maternal infections, careful obstetric care and 

general infection control measures in neonatal facilities. The higher risks of death from birth 

asphyxia might be due to lower institutional delivery coverage and mother‘s education is essential 

which might be expected in large reduction in some circumstances. The burden of prematurity 

seemed to be mostly due to caregivers failed to recognize the danger signs related to prematurity 
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and its consequences. It has been recognized that behaviors that encourage a healthy pregnancy 

plays an important role in preventing premature labour. 

 

In the post-neonatal period, acute respiratory infection including pneumonia, diarrheal diseases and 

malaria were the most common causes of death. Despite means of verification and proportional 

differences, these results showed a similar pattern with the finding of other studies within 

nationwide (222). Acute respiratory infection including pneumonia and diarrheal diseases were 

mostly appeared as a common cause during post-neonate period, which showed in other inland 

studies (79,222), and somewhere else (12,78,216,217). The present study indicated as Malaria was 

the third major cause of death in this age category, which are quite different from deaths 

identified in other studies of the country as bacterial sepsis were observed in one of the top three 

causes of post-neonate death (79) as well as malnutrition (223). Similar view was observed in 

studies conducted in other countries (12,216,217). As per consolidation into a broad cause 

category, Infectious and parasitic disease causes were the leading causes of death during the post-

neonatal period, which is in agreement with previous studies (79,222). 

 

In overall infant death, acute respiratory infection including pneumonia, birth asphyxia and 

diarrhea disease were the most common caused in the present study. Apart from magnitude and 

rank order disparity, the findings of acute respiratory infection including pneumonia and diarrhea 

disease as a major probable cause of infant death has similarity with those of the results reported in 

other parts of the country (10,222–225), and elsewhere (12,226). It can be observed that 

Prematurity, Malaria, Meningitis and encephalitis, Sepsis and Congenital malformation were 

other condition resulting deaths of Eastern Ethiopia children, which are more or less the same with 

causes occurred in most parts of developing countries (78,227,228). 

 

The higher risk of death due to acute respiratory infection in the current study might be due to less 

awareness of the disease transmission and prevention, weak case management in health services, 

less understanding on early recognition of pneumonia cases and inappropriate care-taking by the 

parents (88). Acute respiratory infection including pneumonia may exist due to lack of adequate 

through and cross ventilation system in the dwelling (229), overcrowding or suffocation in 

bedroom and weak maternal health, which have a potential favors to transmit the infection (230). 

 

Diarrheal diseases were another most important cause of infant death as reflected by the facts that 

almost one-sixth of infants reported to have been dead. Infant and children are more likely to die 

due to lack of safe water and sanitation, along with poor hygiene practices, that result in 

deteriorative synergy that leads to diarrheal disease (231). Health seeking behavior such as poor 

early sough of health care, less measure to diarrhea disease management including oral rehydration 

therapy (ORT) for rehydration were responsible for diarrhea-related mortality (232). Other deaths 

due to severe malnutrition, Measles, Pulmonary tuberculosis and HIV/AIDS appeared to be 

tribulation of infant‘s survival on the basis of the present study result. However, deaths due to 

tetanus were not observed. This disease was remained as a noticeable death causes of Ethiopian 

children (8,222,225,233). The nonappearance of death due to tetanus is most likely associated with 

being controlled through tetanus toxoid (TT) routine immunization program. Likewise, the less 
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infant death from malnutrition attributed to high-impact nutrition interventions delivery through an 

integrated package by government and non-governmental organization.  

 

The present study also compares the patterns of factors associated with the leading specific cause 

of infant death against all other cause of death. Our finding revealed that the patterns of association 

among each cause-specific mortality were quite different when evaluate with that of its comparison 

group (all-cause of death in combined). Infants with lower maternal age (<20 years old) were five-

fold an increased risk of death from ARI, including pneumonia in contrast to infant with higher 

maternal age (>35 years old). This finding suggested as lower maternal age group has largely 

contributed to multiplying ARI-specific infant mortality risk than all other causes of death. Studies 

revealed that children having adolescent mother was a strong risk factor for ARI-related death 

(88,89). This could be possibly due to the assumption that lower aged mothers tend to have lower 

experience in pneumonia-related health care of children and, therefore, greater susceptibility to 

severe forms of infections that could be drives to mortality. The risk of infant death due to ARI 

again rises with those infant who died out of heath facilities, which shows three-fold at an increase 

risk of ARTI, including pneumonia death than ARTI-unrelated infant death. This, in turn, indicated 

the contribution of death that occurred at home, which might probably due to lack or delay in 

seeking appropriate medical care utilization. This showed to be highly increases risk of dying from 

pneumonia than died from other causes (90). 

 

Another important finding was that, the post-neonatal period is the most predominant factor in 

contributing to the greater elevated by nearly sixteen times of diarrheal death risk than the 

corresponding risk of all-causes of death. The strong influence of this age period on diarrhea-

related death had been examined in other studies (91,92). Our study also revealed that wet seasons 

are strong significant risk factors by twice for diarrhea-related death than all other causes. The 

study conducted in India and Mexico where largely confirmed that deaths caused by diarrhea are 

strongly linked to seasons of death with more pronounced during cooler months (92,234). This 

might be due to the fact that diarrhea diseases had more potential to transmit in wet seasons, and 

increase its incidence that initiated the series of events leading to death.  

 

Our study has also found that being male sex is significantly association with death from birth 

asphyxia; however, the risk of dying has been less likely as compared to other cause of death. This 

linkage could be attributed to behavioral, biological, socio-cultural, and genetic factors, which 

needs further study. We also observed that male is the most predominance in dying from birth 

asphyxia; similar finding was observed in various studies (93,94). Our analysis indeed showed 

significant association in place of death that occurred out of health facilities for birth asphyxia 

against other causes; though the likelihood of its effect is less. The study similarly demonstrated 

that place of death in out of health facilities are the only significant factor with lower chance for 

premature death as compared to all-cause mortality.  

 

It has been also observed that infant mortality resulted from malaria significantly related to infant‘s 

mothers/care takers age group of 20-34 years with four times highest-risk chance in contrast to 

maternal age ≥35 years old, as evaluated from that of all-causes of death. A study on the link 

between early childhood mortality and malaria in Malawi reported that children were significantly 
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at greater risk if the mother was lower age relative to older age (95). The geographical 

administration division appears to be statistically significant to the risk of malaria-specific infant 

death. Infants resided in the study area of districts in Afar region were four times substantial raised 

risk of malaria deaths as compared to districts in Oromia region, as evaluated against all other 

causes. A study in Burkina Faso has demonstrated the significant variations in all-cause and 

malaria-specific mortality across village clusters (96). The differences by geographical 

administrative division might be due to variability in socio-demographic and economic factors, the 

prevalence of malaria incidence, weather condition, and variability of quality of health care 

service. However, further studies are needed to better understand for these disparities. Significant 

interaction was seen between wet seasons of infant death with the risk of malarial-specific death. 

However, this risk is less likely as observed in comparison to the all-cause of death. A study in 

West Africa indicated that malaria-specific infant death had significant seasonal trends and higher 

in the rainy seasons (97). 

 

5.2 The risk of Water, Sanitation and Hygiene on Diarrhea-related infant mortality 

The present study has attempted to look for possible contributing risk factors for diarrheal-related 

infant death, predominantly, on water supply, sanitation and hygiene. Although several risk factors 

were significantly associated with infant‘s diarrheal death in the bivariate analysis, some 

considerable factors that could predispose infants to death were identified after adjusting for 

confounders. These factors included age of mother with <20 years old, unsafe drinking water 

storage, infants in households without point-of-use water treatment practices, unimproved 

sanitation, unsafe disposing of child feces, households with improper management of solid and 

liquid waste and households practices hand washing not at all as well as lesser in critical time of 

hand washing. 

 

In our study, infants whose mothers/caretakers age is lower than 20 years old had twenty one times 

higher for the occurance of infant‘s death from diarrhea as compared to the reference group (age 

≥35 years). Regardless of the magnitude of odds, this finding is consistence with a case-control 

study conducted elsewhere, which reported that those infant‘s mother with lower maternal age 

were significantly associated with diarrhea-associated infant death, particularly among those with 

normal birth weight (235). On the other hand, the same study indicated that older maternal age led 

to a higher chance of diarrhea death among infants with low birth weight. A number of studies 

have also found that lower maternal age tend to have higher risk of mortality in children (236,237). 

This circumstance might be attributed to social and reproductive immaturity. The further likely 

explanation to this observation is that older mothers are more experienced in childcare and hence 

there is a possibility in reducing diarrhea-related incidence and death. The lower chance of 

diarrhea death in infant with younger mother in our study might be the influence of infant 

biological characteristics such as birth weight or other factors in this maternal age category, which 

needs further study.  

 

Infants in households with unsafe drinking water storage died from diarrihea 2.6 times more often 

than those strored their water in safe way. This could be attributed to the unhygienic handling and 

storage of drinking water that existed in the cases group due to lack of proper and sufficient 
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information on water handling. A study in Benin found that safe water storage had significantly 

associated with the reduction of diarrhea (238), which in turn lower the risk of death. The national 

study highlighted that storage water quality issues are a great public health concern in rural 

Ethiopia (239). Our study also revealed that death of infant from diarrhea were significant 

association with households without point-of-use water treatment practices, about 4.7 times higher 

when contrasting with those practiced regular use of any form of water treatment. This tends to 

contrary with that of earlier study conducted in southern Brazil (49). This might be explained by 

the very small differences among the comparison groups in the household‘s water treatment 

practices. However, other studies suggested as strong significant impact of household water 

treatment on child survival (107,240,241). It is evident that point-of-use water treatment improves 

the quality of drinking-water by avoiding cross-contamination and prevent diarrheal disease 

(242,243), which could considerably reduce risk of mortality (241). It can be seen from the report 

that point-of-use water treatment is not widely practiced in Ethiopia (38), posing a health risk of 

children.  

 

Access to unimproved sanitation has been found to be significantly associated with diarrhea-

related infant death, which had 2.7 times higher than those households with improved sanitation 

facility. This finding has similarity with another study (104), which designated as improved 

sanitation significantly associated with lower mortality. Regardless of the association strength, our 

finding underpins the conclusion made by different studies (50,104,244), which indicated as 

improved sanitation significantly higher association with the reduction of infant mortality. 

Evidence from the risks quantification study indicated that those countries responsible for the 

largest declined (13.3%) in the diarrhea mortality rate were reduction in exposure to unsafe 

sanitation in children (98). Another study in Egypt also found sanitation to have a more 

pronounced impact on infants and childhood risk of death from all causes (245). It can be 

enlightening that; improved sanitation is fully saved, as it effectively prevents exposure to fecal 

matters which possibly decrease a major cause of child morbidity and mortality. 

 

Our analyses have been also found that infant with households presented unsafe disposing of child 

feces were nearly three times higher to be died from diarrhea than those households disposing their 

child feces safely. This might be due to small differences among the two comparison groups on 

having information and practices of mother/caregivers on save disposal of child feces. Several 

studies have reported the significant effect of child feces disposal and childhood diarrhea 

morbidity in Ethiopia (246–248) and elsewhere (249), which could contribute to childhood 

mortality. Reports indicated that most of the households in high-mortality countries dispose of 

children‘s feces in unsafe manner (250). It is recognized that, children feces are more dangerous 

sources of fecal contamination in the household environment, and many cultures however consider 

the stools of infants are harmless (200,251). The findings further indicated that households with 

improper management of solid wastes were 3.3 times higher to be infant dying from diarrhea than 

proper management. A number of studies showed that children in households without proper waste 

collection practices suffer significantly higher rates of diarrhea (36,252,253) , which are among the 

main causes of childhood deaths (254). This is due to the fact that improper disposing of domestic 

solid waste could be one of the suitable sites for spread of pathogens that can leads to children‘s 

morbidity and followed by mortality.  
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This study provides notable evidence that improper management of household‘s liquid wastes had 

a positive influence with 3.4 greater odds in infant‘s death from diarrhea than proper liquid waste 

management. Reliance on scientific explanation, this might be attributed to the potential source of 

breading sites for flies which can carry enteric pathogens and mediate a route to contaminate 

children‘s water and food. This result agrees with the general sense that unsafe environment places 

puts children at risk of death (255). The strong significant differences observed in this study might 

be attribute to households were not well aware with the effect of domestic liquid waste disposal on 

health outcome of children. 

 

Despite the fact of human hands is one of the main vehicles for transmitting diarrhea disease, the 

role of poor handwashing practices at critical time as a risk factor had strong relationship with 

infant death from diarrhea in the study area. Our study demonstrated that those self-reported 

household‘s not practiced handwashing in any critical times were 4.7 higher to infant death from 

diarrhea than those washed their hands at three and more critical times. Infant with households 

practicing hand washing in lesser occasions (One to two critical times‘) increases infant deaths 

from diarrhea almost 3-fold greater compared with those washed their hands at three and more 

critical times. Regardless of its magnitude, different studies indicated the significant link between 

handwashing practices and diarrhea morbidity and mortality (256–258). The handwashing 

practices at critical time mainly in mothers of children is poor according to inland study (259). 

Evidences indicated that handwashing at critical times reduce diarrhea rated by almost 40 percent 

(260), which could be resulted significant reduction in mortality. 

 

5.3 Molecular detection of Pathogens “Causing most of infants’ Sever and fatal 

diarrhea” in infant drinking water and their relationship with water quality 

determinants  

The detection of Cryptosporidium oocysts, rotavirus, Shigella species and a toxin-producing strain 

of Escherichia coli has significant public health implications because world-wide these waterborne 

pathogens are most frequently associated with severe infantile diarrhea (57).   Molecular analytical 

techniques are useful tools for evaluating the microbial quality of water (261). Among a wide 

range of molecular techniques, nucleic acid-based amplification methods comprised of PCR have 

been developed to detect microbial pathogenic species directly from drinking water samples (134). 

Subsequently, a technology termed loop-mediated isothermal amplification (LAMP) has been 

developed, which is highly sensitive and accurate for the replication of DNA in isothermal 

conditions (140). The present study was focused on the detection of the aforementioned pathogens 

in infants drinking water at the point-of-use in the household and the water sources from which 

they were collected using the LAMP technique. 

 

Rotaviruses were detected in drinking-water supplies used for infants in about 32.2% of 

households, which is higher than previously reported for Shandong, China, at 16.7% (179), 

southeast France at 7.1% (180), Karachi, Pakistan, at 5% (181), and Colombia at 27.3% and 20.5% 

(182,183). The presence of rotavirus in the 37.8% of drinking water source samples observed in 

this study was much higher than previously reported results in Benin at 2.1% (184), Peshawar, 

Pakistan, at 9.47% (192), Karachi, Pakistan, at 23% (262), Beijing, China, at 20.3% (191), Costa 
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Rica at 8.1% (190), Faisalabad, Pakistan, at 26.6% (193), Southern Africa at 2.0% (185), and 

Egypt at 15.6%, 8.3%, and 23.3% (186–188), while lower than the study in Ghana (189), where 

48.1% of water samples tested by multiplex RT-PCR were positive for rotaviruses. This disparity 

in the prevalence status might be explained by differences between geographic areas with various 

contributing factors such as socio-economic and cultural factors, access coverage of water, 

sanitation, and hygiene behavioral practices, and also by the use of different techniques for 

rotavirus detection having dissimilar sensitivity and specificity. Remarkably, the rotavirus 

prevalence in our study appeared to be relatively higher than the other detected microbial 

pathogens, both in water samples at the point-of consumption and from water sources. This might 

be attributed to the highest spreading phenomena of rotaviruses in the environment of the study 

area.  

 

Rotavirus is excreted in enormous quantities in the feces of infected person, at a rate of up to 10
11

 

virus particles per gram (180). Rotavirus is very resistant to diverse environmental conditions and 

physicochemical treatment processes that are able to stabilize the virus and make it present in large 

amounts in environmental water (179). Studies indicated that rotavirus survive well enough in 

chlorine-based conventionally treated drinking water to make it a possible vehicle for their 

transmission (263). In addition, rotavirus has high infectivity and an increased risk of transmission 

in comparison with protozoa and bacteria (264).  

 

Furthermore, our study revealed no significant association between households using drinking 

water from an unimproved water source and the presence of rotavirus in a water sample, as 

observed with other detected protozoa (Cryptosporidium) and bacteria (Shigella and a toxin-

producing strain of E. coli). Thus, it is reasonable to assume that household‘s access to an 

improved water source is not a guarantee that it is always safe (265). The only significant 

relationship was observed in retention time, implying household‘s fetching water one day prior to 

the survey has a protective effect for the presence of rotavirus in the water sample. This might be 

due to the influence of temperature and water movement, such as large, slow-moving, or stagnant 

sources, on rotavirus survival and transmission (266). 

 

Our study also detected Cryptosporidium oocysts in 28.5% of the household‘s drinking water 

provided to infants. This may have implications for the poor drinking water quality status in the 

study area as the World Health Organization (WHO, 2009) categorizes Cryptosporidium as a 

reference pathogen for the assessment of drinking water quality (263). Regardless of the 

population group that consumed the water, the result of our study is much higher than previous 

findings of the studies conducted in Shanghai, China, at 0% (142) and Mongolia at 2.0% (143). In 

the corresponding water sources, about 27% of the samples were found positive for 

Cryptosporidium oocyst, which is higher than the prevalence study reported in Tigray at 5% 

(144), a 2008 study in Addis Ababa at 21% (145), and less than the study in Dire-Dawa at 58.9% 

(147), and the 2012 study in Addis Ababa found that all (100%) water samples were positive 

(146). Our result appeared to be lower than the studies conducted elsewhere, such as in Egypt at 

52.6% (148) and Switzerland at 40% (149).  
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On the contrary, our result is higher than the study conducted in four countries in Southeast Asia, 

which came in at 24.4% (150). The authors who reviewed varying studies showed the prevalence 

of Cryptosporidium species in drinking water ranged from 1.4% to 100% (151). Numerous 

reasons can cause the observed differences. One of the reasons for this rate discrepancy might be 

attributed to the practices of animal grazing in the area, which may be contributing to the excretion 

of oocysts from infected hosts in the environment, which can have a chance of contaminating 

water sources. Another reason could be that the LAMP technique for the detection of pathogens 

might also influence the magnitude of the result due to its high sensitivity. 

 

Cryptosporidium is a protozoan parasite that exhibits various characteristics that support its 

extended survival in the environment (152). It can be transmitted through water in the oocyst form 

and is more resistant to environmental conditions and disinfection (267,268). The infective dose is 

low (10-100 oocysts) (269), and evidence suggests Cryptosporidium requires as few as 10–30 

oocysts per 100 liters of water for the possible existence of an outbreak (270). It is evident that the 

households whose water was drawn from an unimproved water source for their infant use had a 

significantly higher association with the presence of Cryptosporidium oocysts by four-fold than 

those households sourcing water from an improved source for their infant consumption. This is 

indirectly in line with a study that suggested household‘s use of an improved water source had a 

protective effect on the presence of Cryptosporidium in drinking water (143). Studies suggested 

that Cryptosporidium oocysts were found more in surface water than in other water sources 

(271), and can survive for months (272), indicating that there could be a chance of having several 

moments to ingest. This is certainly attributable to the fact that unimproved water sources are more 

exposed to contamination by human and animal waste. Our study also further investigated the fact 

that households that fetched drinking water other than on the day of our survey had a significant 

relationship with the presence of Cryptosporidium oocysts in their drinking water. The possible 

reason for this finding might be the presence of unsafe water sources in the study area. 

 

In terms of Shigella species detection, our results showed that 30% of the infant drinking water 

sample at the household tested positive for Shigella species. Apart from the specific study subject 

in the households, this result is higher than the previous studies conducted in Shashemene rural 

districts at 0% (153) and Jigjiga city at 3.33% (154), Ethiopia, and somewhere else such as Quetta, 

Pakistan, at 22% (156), Peshawar, Pakistan, at 6.47% (157), Yaounde, Cameroon, at 0.24% (158), 

and the Vanda region of South Africa at 5% (159), while slightly lower than a study in Egypt at 

34.7% (160). These indicate that the drinking water in the study area has a high chance of 

contamination due to poor water quality. On the other hand, Shigella species were detected in 

32.4% of the water samples tested from the corresponding water sources. This finding is higher 

than the study conducted in Jijiga, which found 8% (154), 4.8% in Ziway (155), and 6.5% in the 

rural districts of Shashemene (153) in Ethiopia. Several studies elsewhere, such as Kampala, 

Uganda (10%) (161), Sri Lanka (0%) (164), Bangladesh (30%) (165), Nigeria (9.4%) (162), and 

Kenya (6.9%) (163), have also shown lower contamination prevalence of Shigella species in 

drinking water sources than the present study. The highest prevalence of Shigella species in 

drinking water either at the point-of-use or from water sources in our study might be due to the use 

of an unimproved water source, a lack of water source protection, and unhygienic practices such as 

poor handling of water, no hand- washing, and unsafe water storage in the study area. In addition, 
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the differences in testing methods among the studies might be able to influence the prevalence of 

pathogens detected. Most of the earlier studies detected this pathogen using the biochemical test 

and conventional PCR, which differ greatly from the LAMP technique in sensitivity (207–

209,273). 

 

Furthermore, households that collected water from unimproved water sources were strongly 

associated with the presence of Shigella species by four times more than those that collected from 

improved sources. This finding is supported by the view expressed in other studies that 

unimproved water sources are more likely to be exposed to fecal contamination than improved 

water sources (274). This fecal contamination poses a greater risk due to the potential source of 

pathogens. 

 

The other detected bacterial type, known as a toxin-producing strain of E. coli, was found positive 

in 26.3% of the drinking water sample from infant point-of-consumption in the households. This 

prevalence appeared to be slightly higher than South Wollo, Ethiopia at 17%   (166), and much 

higher prevalent than the studies in Ouagadougou, Burkina Faso at 1% (167), Trinidad at 2% 

(168), and Malaysian villages at 19% (169). However, it is much lower than the result reported 

from a study conducted in Bangladesh, which was 87.5% (170). With regard to the water sources 

sampled, about 30% were contaminated with a toxin-producing strain of E. coli. This finding is 

higher than the studies in Ziway at 5.5% (155) and Modjo at 4.2% (171) in Ethiopia, South Africa 

at 25.6% (172), and Brazil at 6.2%, 1.0%, and 0.65% (173,175,176), and slightly lower than the 

study conducted in Uganda at 33% (161) and India at 33.3% (177), while much lower than studies 

in northern Ghana at 75% (174) and southeast of the island of Puerto Rico at 52% (178). Similar 

reasons that were provided for other pathogens could explain the prevalence variance among 

studies. Evidently, the application of the LAMP technique may result in a high prevalence of 

pathogens in drinking water due to its higher sensitivity than other methods such as PCR (207–

209,273). 

 

Our study also confirmed that households getting water from unimproved sources for infant 

consumption were more likely to be exposed to a toxin producing strain of E. coli by two-fold 

than improved sources. This finding is indirectly consistent with the result reported in the previous 

studies, which suggested that improved water sources significantly reduce the detection of E. coli 

virulence genes in stored drinking water (194). This is because getting water from improved 

sources could reduce environmental contamination.  

 

A positive significant correlation was observed between the water samples tested from infant 

point-of-use at household level and those of the corresponding water sources for the presence of 

Cryptosporidium, Shigella, and a toxin-producing strain of E. coli. This could be explained by 

the fact that the water sources might be subjected to fecal contaminations, which increase 

opportunities for the presence of pathogens in household drinking water. However, rotavirus 

shows a negligible positive correlation between the water source and drinking water at the 

household level. This circumstance might be explained by the fact that this pathogen holds 

additional favorable conditions to be present in drinking water at the household level through 

home-based contamination. 
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Generally, our results showed that 13.2% of the drinking water of infants at the household level 

was positive for all four pathogens. The simultaneous presence of these pathogens in drinking 

water is closely linked with the status of the water source. This is implying that households 

collecting water from unimproved sources for infant consumption were nearly four times more 

likely to have the presence of these pathogens as compared to those sourcing water from improved 

supplies. Unimproved water sources may have a chance to be contaminated by feces as well as 

other matters that could allow different pathogens to exist in drinking water. Studies indicated that 

the quality of water is much more reduced at the point-of-use in the household where source water 

is largely contaminated (275). In addition, a lack of practices for any form of water treatment at the 

household level in the study area may also contribute to the presence of these pathogens in 

drinking water (198). 

 

5.4 Validity and Generalizability   

5.4.1 Internal Validity 

Multiple measures were taken to keep internal validity of the study by controlling selection bias, 

information bias, recall bias and confounding. The selection bias that could arise in the process of 

selecting the study subject was managed. Selection bias is unlikely to occur in this study due to the 

procedures used to identify study participants.    

The primary steps adopted to minimize information bias during measurement were employing 

skilled data collectors, ensuring that study participants understood the questions being asked in the 

local language, and using a pre-tested questionnaire prior to data collection. With shorter 

recollection spans, the VA interviews were done following the period of grief. All infant death 

causes that could be determined, with reasonable accuracy, from a VA interview were conducted 

according to WHO guidelines. 

5.4.2 External Validity    

The term "external validity" describes how well the research findings apply to individuals living 

beyond the study location. The research protocols were strictly followed in this investigation. The 

study participants were selected using a probability sampling technique, and the sample size was 

increased to a sufficient degree to account for anticipated non-responses. Any of these two 

approaches could increase the study's generalizability to the source population (all households with 

mother- live borne infant‘s pair in study area). 
 

5.5 Strengths and Limitations    

5.5.1 Strengths 

The strengths of this study include that it used validated verbal autopsy tool and model to 

determine all cause of infant death with quantified degrees of certainty. Longitudinal survey 

covering with large geographic area, routinely enumeration of reported and notified deceased 

infants as well as data quality procedure is also strong side of the study. Despite a very few studies 

available in the analysis of cause of infant death at population level, this study provided useful 
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information for building evidence based health policy, better insights in planning the best 

solutions, and input for policy-makers in taking appropriate measures. 

 

The strengths of this study include as it used nested case-control study design which is valid and 

efficient design and can minimized both selection and recall bias. Despite such studies is available 

insufficiently at population level, in particular, this study could provide useful information for 

building evidence based health policy, better insights in planning the best solutions, and generate 

ideas for further research.  

 

One of the strengths of this study is that we used LAMP techniques, which is the most powerful 

nucleic acid amplification method that could be used to detect pathogenic agents from drinking 

water with high sensitivity (140). This is the first study to demonstrate an individual assay for 

detecting the four selected waterborne pathogens from an infant‘s drinking water sample. Our 

study result could provide new insights for building evidence based health policies and strategies 

by defining the magnitude of selected pathogens that cause severe and fatal diarrhea in infants 

drinking water and strong contributing factors such as an unimproved water source. In addition, it 

helps with a better outlook in planning for the best solutions and generates ideas for further 

research. 

 

5.5.2 Limitations    

Despite the verbal autopsy used as an alternative method in determining the cause of death, there 

was recognized limitation on the tools and methods which might have influenced in the 

determination of cause of death. The InterVA model assign cause of death only based on the 

present of sign and symptoms, disregarding them entirely when there are absent. InterVA 

marginalize over that symptom if the respondent does not report a symptom. The respondent who 

replied the VA questionnaire about the deceased infant might not be provided full data for the 

reason of sorrow and grief. Drawback due to inability of the respondents to recognize, recall and 

trace signs and symptoms of diseases that leads to death prior to the deceased. In order to minimize 

this, linguistic and ethnographic work as well as skilled interviewers were recruited and adequately 

trained to capture data.  

This study has limitations as respondents might not give their exact observable fact towards some 

given questions, which leads to social desirability biases. This could be minimized by providing 

training to data collectors and conducted pre-test before actual data collection launched. A very 

shortage of previous similar studies was made comparison difficult.  

This study has certain limitations that include the study design that we used, which demonstrated a 

snapshot of the water sample test result. Although one-time sampling information is very useful, it 

does not allow us to capture the burden of their presence in drinking water at multiple points in 

time. Our study is based only on the presence-absence test of organisms in drinking water, and 

there is no indication of the quantitative number of organisms. Our study was limited to detecting 

only four pathogens, and no total coliforms and E. coli were measured to recognize the degree of 

drinking water pollution. In addition, since no studies have been conducted on the molecular 
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detection of pathogenic agents from infant‘s drinking water samples, comparisons between studies 

were difficult. 

 

CHAPTER SIX: CONCLUSIONS  

6.1 CONCLUSIONS 

The study concludes that the majority of infant deaths existed in the present study were as a result 

of diseases and conditions that are readily preventable or treatable cause. Majority of infant deaths 

were occurring in the first month of life and the leading causes of infant mortality appeared to be 

acute respiratory infection including pneumonia, birth asphyxia and diarrheal diseases. The age 

categories have a broad effect across many causes of death, as having been revealed that Neonatal 

pneumonia, birth asphyxia and prematurity were the major causes of deaths during the neonatal 

period, while acute respiratory infection including pneumonia, Diarrheal diseases and Malaria 

appeared to be in post-neonate period. The patterns of significant associated factors across cause-

specific mortality against all-cause of death were dissimilar.  

The factors that were statistically significant associated with the higher odds of infant death due to 

diarrhea with their reference group include; age of mother with <20 years old, unsafe drinking 

water storage, infants in households without point-of-use water treatment practices, households 

with unimproved sanitation status, unsafe disposing of child feces and improper management of 

solid waste, households with improper management of liquid waste and household‘s practiced 

handwashing not at all as well as in fewer occasions (One to two critical times‘). The significant 

link of such factors could be one of the reasons for the contribution of uppermost death level of 

infants as the result of diarrhea in the study area. 

 

This study also demonstrated a high level of exposure of infants to contaminated drinking water by 

those recognized pathogens that cause the most severe and fatal diarrhea. The high prevalence of 

these pathogens in the water samples in our study seems to be robustly influenced by the technique 

used to detect the pathogens and various contributing factors, such as unimproved water sources, 

poor water source protection, and a lack of point-of-use water treatment practices. With the 

exception of rotavirus, unimproved water sources remained the only strong significant 

determinants for contamination of drinking water by these pathogens at the point of consumption. 

The presence of pathogens in drinking water used for infants at the household level is positively 

correlated with the water sources, which implies that the presence of pathogens at the point-of-use 

mainly depends on the water source used for collection.  

 

6.2 RECOMMENDATIONS  

For Project/ programme Implementer 

 More efforts require on maternal and child health program with proven preventive 

interventions emphasizing on the most common cause of infant death. Attention should 

also be given to those factors that make the specific infant death more likely to occur.  
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 Proper screening for infections in pregnant women, encouraging institutional delivery, 

Immunization, provision of safe water and sanitation with adoption of hygiene practices, 

promotes cross and through ventilation system into dwelling and ensuring appropriate 

preventive and curative care for infants should be strengthen. 

 Due attention should be given to the reduction of diarrhea-related infant deaths through 

WASH intervention, taking into account the strong associated risk factors typically during 

the infantile period which eventually can turn-down the consequence of the highest 

reported number of diarrhea-related infant death.  

 Efforts should be made on the new development and rehabilitation of improved water 

sources and water treatment at the household level. Water safety protection and other 

sanitary measures should be implemented to mitigate contamination from human and 

animal wastes.  

 Health education must be undertaken to increase awareness among mothers or caretakers of 

infants on the prevention of waterborne pathogens in drinking water aimed at keeping the 

water safe for infants. 

 

For Policymakers 

 It is strongly advised that when policymakers are trying to create an efficient and 

successful reduction of causes of infant mortality intervention strategies, they take into 

account the identified causes of infant death and related factors that raise the most common 

cause of mortality risk in the study areas. 

 Policymakers should give emphasis in using computer-based algorism models in local 

health setting to yield nationwide cause of death data.  

 The policy markers should develop approaprate preventive strategy that can help infant 

survuival against diarrhea considering water, sanitation and hygiene components factors 

that are found to be significantly associated with an increased risk of death from diarrhea. 

 It is advised that policymakers develop appropriate strategies to enhance the quality of 

drinking water for infants both at home and at water sources. This will help to lower the 

number of water-borne pathogens that are responsible for the most severe and deadly 

diarrhea that infants experience. 

For Researcher 

 Undertaking feasibility studies for the routine application of the InterVA model for 

interpreting cause of death through the district health system could prove advantageous for 

public health planners. 

 It is important to investigate how infant mortality from diarrhea-related causes differs from 

infant mortality from all other causes, and how additional factors not covered by the current 

study contribute to this difference. 

 Detecting hotspots through mapping for infant deaths linked to diarrhea should be assessed, 

and an in-depth study is recommended to be conducted. 

 Analysing of potential contributing factors to infant mortality associated with diarrhea that 

the current study may not have addressed is warranted. 
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 Detecting waterborne pathogens other than the current studied in infant drinking water 

using molecular techniques can provide useful information for public health planners. 
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APPENDICES 

ANNEX I: Data Collection Instruments 
 

HOUSEHOLD LEVEL QUESTIONNAIRE  
 

 Identification                                            Date of Interview ____/____/__________   

 Region:  Household code No               Result 

 Zone:   Team Number  1. Complete 
2. Partially complete 
3. Refused to take 

the interview 

 Woreda:  Interviewer Name  

Cluster number:    

 Informed consent:   Yes      No    Supervisors name   

Signature  

      

INFORMATION SHEET AND CONSENT FORM 

Good Morning/Afternoon! 

My name is…………………………… I’m a data collector for dissertation study, which is going to be organized by 

Addis Ababa University, Institute of water Resource. I would like to collect data about your newborn child 

and household health status. The objective of this study is to assess the causes of Infant mortality and its 

associated factors in the community. Your name will not be written in this form. All information that you 

give will be kept strictly confidential. Your participation is voluntary and you are not obliged to answer any 

question you do not wish to answer. If you are not comfortable with the interview, you have full right to 

refuse or participate in the study at any time you want. But your honest response will contribute to 

generate information, which can be used to improve the status of children under one year of age in the 

community. 

We would greatly appreciate your help in responding to this interview. The interview will take about 15-20 

minutes. Would you be willing to participate?” 

1. If yes, continue to interview 

2. If no, skip to the other households 
 

SNo QUESTIONS RESPONSES Skip 



99 
 

1. Socio-demographic characteristics of Respondents  

1.1.  How old are you? _______ Years  

1.2.  How many children do you have? 
 

 

1.3.  How many are all members of the 

household (all ages) 
_______  number of people in HH 

 

1.4.  What is your current marital status? 1. Single  
2. Married 
3. Divorced 
4. Widowed 

 

1.5.  What is your ethnicity? 

 
1. Oromo 

2. Afar 

3. Amhara 

4. Tigre 

5. Somali 

6. Other/Specifiy………………… 

 

1.6.  What is your religion? 1. Orthodox 

2. Muslim 

3. Catholic 

4. Protestant 

5. Others/specify………… 

 

1.7.  What is the educational status of the 

respondent? 

1. Unable to read and write 

2. Able to read and write 

3. Primary (Grade 1-8) 

4. Secondary (Grade 9-12) 

5. Vocational/Technique 

6. College and above 

 

1.8.  What is your spouses‘ level of education? 1. Unable to read and write 

2. Able to read and write 

3. Primary (Grade 1-8) 

4. Secondary (Grade 9-12) 

5. Vocational/Technique 

6. College and above 

7. Don‘t know 

 

1.9.  What is your current occupation? 1. Housewife 

2.  Livestock herding  

3. Farmer/own farm labor 

4. Employed (salaried) 

5. Daily labor/Wage labor 

6. Small business/Petty trade like shop 

7. Others/specify……….  

 

1.10.  What is your spouse‘s employment status? 1. Livestock herding  

2. Farmer/own farm labor 

3. Employed (salaried) 

4. Daily labor/Wage labor 

5. Small business/Petty trade like shop 

6. Others/specify………. 

 

1.11 What is the main source of income in your 

household? 

1. Employer (salary) 

2. Livestock 

3. own farm 

4. Daily labor/Wage 

5. Small business/Petty trade like shop 

6. Other/specify…………. 

 

1.12 What is the average monthly income of 

your household 

 

 

 

2. Drinkig Water Access and utilization  

__________ birr 
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2.1.  What is the MAIN source of drinking 

water for your household? 

 

 

 

 

1. Piped water into dwelling or compound 

2. Public tap/ stand alone pipe 

3. Tube Well or borehole 

4. Dug well protected 

5. Dug well unprotected 

6. Spring protected 

7. Spring unprotected 

8. Private water vendor  

9. Rain water 

10. Unprotected source (River, pond, etc) 

11. Others/Specify…………  

 

2.2.  How far the water source from your 

household? 

1. On the premises 

2. Below 250meter 

3. Between 250-500meter 

4. Between 500-1000meter 

5. Above 1000meter 

6. Don‘t know   

 

2.3.  How long does it take to go to your main 

water source to get water and come back? 

1. On the premises    

2. Below 10 minutes 

3. Between 10-30 minutes 

4. Between 30-60 minutes 

5. Above 60 minutes 

6. Don‘t know 

 

2.4.  In your opinin, do yo get water all the 

time? 

1. Yes 

2. No 

 

2.5.  In the past 2 weeks, Is drinking water 

available? 

1.  Yes 

2.  No 
 

2.6.  How much water did you collect or fetch 

per day? 

  

(Multiply the number of water collection 

container by their capacities by the 

number of trips (frequency) taken to get 

the total water collected) 

 

1. Number of jerry cans (5 Liter)_________ ) 

2. Number of jerry cans (10 Liter)________ ) 

3. Number of jerry cans (20 Liter)________ ) 

4. Number of jerry cans (25 Liter)________ ) 

5. Number of buckets (10 Liter) ________ ) 

6. Number of buckets (20 Liter)________ ) 

7. Other water vessels capacity…….…. Liters and number of 

water collected per day………. 

 

 Total water collected_________________ liters 

 

2.7.  What is the container being used to store 

water in the household? 

 

1. Pot 

2. Traditional water bag made of animal skin 

3. Bucket 

4. Jerry can 

5. Barrel 

6. Other/specify……………………  

 

 

2.8.  Can you show me where you store 

drinking water?  

 

[CHECK WITH VISUAL OBSERVATION]  

 

(Mark ―Yes‖ for safe drinking water 

storage – if the drinking water storage 

container is narrow neck, clean and kept 

covered. Otherwise Mark ―No‖  

 
1. Yes  

2. No 

 

2.9.  In your opinion, what are methods of 

making water safe for drinking at 

household level?  

1. Filtration (Sand, ceramic etc) 

2.  Boiling 

3. Water chemicals ( Water guared, Pur etc)   
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Note: DO NOT READ THE ANSWERS 

OUT! Prompt the respondent for additional 

times by saying ―do you know any other 

ways?‖  

4. Sun light 

5. Filter with cloth 

6. Leave to stand and settle 

7. Don‘t know 

8. Other/ Specify…………………… 

2.10.  Do you treat drinking water at household 

level? 

1. Yes 

2. No……………………………….…………….…… S.N 3.1 

2.11.  If yes, how do you treat water at household 

level? 

 

1. Filtration (Sand, ceramic etc) 

2. Boiling 

3. Water chemicals ( Water guared, Pur etc) 

4. Sun light 

5. Filter with cloth 

6. Leave to stand and settle 

7. Other/ Specify…………………… 

 

3.  Sanitation 
3.1.  Do your household have/own a latrine 

Yes 

No   .........................................................  

 

S.N 

3.6  

3.2.  What type of latrine/toilet facility does 

your household have? 

 
[CHECK WITH VISUAL OBSERVATION] 

1. Water/pour flush 

2. Ventilated improved pit latrine (VIP) 

3. Traditional Pit latrine with slab 

4. Traditional Pit latrine without slab/open pit 

5. Composting toilet 

6. Other/ Specify 

 

3.3.  Do the households use latrine?  

[CHECK WITH VISUAL OBSERVATION] 

 [Proxy evidence of use is described as 

―faeces in pit, visible access, absence of 

spider webs, and absence of faeces around 

household or pit latrine, and well 

maintained superstructure ] 

 

1. Yes 

2. No 

 

3.4.  Is the latrine sanitary?  

[CHECK WITH VISUAL OBSERVATION] 

(Yes - includes a clean squatting hole and 

slab, few or no flies)  

(No - includes filled up pits, dirty hole or 

slab, severe fly problem)  

1. Yes 

2. No 
 

3.5.  Is there hand washing facility with soap 

and/or water at the latrine?  

 [CHECK WITH VISUAL OBSERVATION] 

 

Only hand washing facility available  

Hand washing facility filled with water and soap or ash 

available  

Hand washing facility filled with water available  

Empty Hand washing facility and soap or ash available  

No hand washing facility  

Others/ Specify………… 
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3.6.  If no latrine, Where do you and your 

household members defecate regularly? 

 

1. Open field 

2. Sharing with neighborhood 

3. Communal latrine 

4. Public latrine  

5. Bucket/popo/plastic use 

6. Others/Specify………… 

7. Not applicable  

 

 

 

3.7.  How do you dispose of feces of children in 

the household? 

 

 

1. Put/rinsed into toilet or latrine 

2. Disposed in the waste disposal 

3. Buried 

4. Left it open 

5. Provided to animals feed 

6. Other/Specify………. 

 

3.8.  How do you dispose liquid wastes of the 

household? 

 

 

1. Dispose/Spiel on an open field 

2. Dispose to latrine 

3. Infiltrate to the ground 

4. Linked with storm water canal 

5. Disposed by water and liquid waste disposal authority 

6. Others/Specify………………… 

 

 

3.9.  How do you dispose solid wastes of the 

household? 

 

1. Dispose to waste collection pit 

2. Buried 

3. Burn it 

4. Provide to privet waste collection groups 

5. Composting 

6. Dispose to open field 

7. Other/Specify……………….... 

 

 

 

 

4. Hygiene  

4.1.  In your opinion, when is a good time to 

wash your hands?  

Note: DO NOT READ OUT THE 

ANSWERS! Prompt the person for 

additional times by saying ―do you know 

any other times?‖  

1. After using the toilet 

2. Before  eating 

3. Before preparing food 

4. Before feeding infants/baby 

5. After cleaning baby‘s bottom/handling baby‘s 

excreta 

6. Before breastfeeding the baby 

7. Don‘t know 

 

4.2.  When usually wash your hands? 

 

[Multiple answers are allowed] 
 

 

1. After using the toilet 

2. Before  eating 

3. Before preparing food 

4. Before feeding infants/baby 

5. After cleaning baby‘s bottom/handling baby‘s 

excreta 

6. Before breastfeeding the baby 

7. I do not wash my hands 

 

4.3.  What do you use usually when you wash 

your hands? 

 

1. Using water only 

2. Using water & soap 

3.  Using water and ash/sand 

4. Others/ Specify……… 

 

4.4.  Where do you received any water, 

sanitation and hygiene 

education/messages? 

1. Health Extension Workers 

2. Health Professionals ( Doctors, Nurse, HO,.. ) 

3. Radio/Television 

4. I didn‘t receive any education 
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 5. Other/Specify………… 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

VERBAL AUTOPSY QUESTIONNAIRE  
 

INFORMATION SHEET AND CONSENT FORM 

Good Morning/Afternoon! 

My name is………………………….………… I’m a data collector for the study associated with cause of 

infant mortality.  This study is organized by Addis Ababa University, Institute of Water 

Resources. I would like to ask you about the recent illness of your child that led to his/her death.  

All the information that you provide will be kept confidential, and will only be used to 

understand the causes of infant deaths with their contributing factors in your area. This 

information will be used to improve the health program for our community to decrease future 

deaths. Your participation is voluntary and you are not obliged to answer any question you do 

not wish to answer. If you are not comfortable with the interview, you have full right to refuse or 

participate in the study at any time you want. But your honest response will contribute to 

generate information, which can be used to improve the health problems associated with 

mortality.  Your name will be written on our forms so we can recognize what you said and 

contact you in the future if necessary. However, when the data are put together with those from 

other people, nobody else will have access to your name, if you prefer so. 
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We would greatly appreciate your help in responding to this interview. The interview will take 

about 25-30 minutes. Would you be willing to participate?” 

1. If yes, continue to interview 

2. If no, skip to the other households 
 
 

Instruction to the Interviewers: 

 For the deceased neonate (<1month of age), use Verbal Autopsy Questionnaire (I) 

 For the deceased post-neonate ( 1-11months of age), use Verbal Autopsy Questionnaire (II) 

 

 

 
 
 
 
 
 
 

 

 

VERBAL AUTOPSY          

       QUESTIONNAIRE (I) 

 Death of a child aged <1month  
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NO. 
 
                      QUESTIONS AND FILTERS   ANSWER   SKIP 

 

0A100a  Is this a region of high HIV/AIDS prevalence?   YES     
 

   NO     
 

0A100b  Is this a region of high malaria prevalence?   YES     
 

   NO     
 

SECTION 1. INFORMATION ON THE DECEASED       
 

1A100a  What was the first or given name(s) of the deceased? 

_________________________________________________________ 

    
 

     
 

1A100b  What was the surname (or family name) of the deceased? 

  __________________________________________________________ 

   
 

    
 

1A110  What was the sex of the deceased?  MALE   

 

 

   
 

    FEMALE   
 

1A200   Is the date of birth known?   YES     
➡ 

 
 

   NO   1A220 
 

   Refuse to answer   ➡ 1A220 
 

1A210  When was the deceased born?  
DAY     

 

     
 

  MONTH     
 

  YEAR     
 

         

1A220  Is the date of death known?  YES   
➡ 

 
 

   NO   AAAA 
 

   Refuse to answer   ➡ AAAA 
 

1A230  When did (s)he die?  DAY     
 

  MONTH     
 

  YEAR     
 

         

AAAA Enter neonate's age in days  

DAYS  
   

 

     
 

         

AAAA   Enter neonate's age in hours  HOURS     
 

         

AAAA   Enter neonate's age in minutes  MINUTES     
 

         

1A500   What was her/his citizenship / nationality?   Citizen at birth     
 

   Naturalized citizen     
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  Foreign national                    

  

 

    Don’t know     
 

1A510 
  What was her/his ethnicity? _________________________________________  

   
 

    
 

1A520   What was her/his place of birth? 

_______________________________________ 

    
 

     
 

1A530   What was her/his place of residence? ( – if applicable) _______________ 
 

   
 

    
 

1A550   Where did death occur?(specify country, province, district, village) 
 ____________________________________ 

   
 

    
 

1A560   Where did the deceased die?   Hospital     
 

   Other health facility     
 

   Home       
 

 

  On route to facility or   
  hospital     

 

   Other     
 

   Don’t know     
 

   Refuse to answer     
 

1A620   What was the name of the father?    
   

 

 
   Surname: ________________________  Name:  ______________________ 

   

 

   1A630   What was the name of the mother? 
   

 
   Surname: ________________________  Name:  ______________________ 
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SECTION 2. VITAL REGISTRATION AND CERTIFICATION  

1A700   Death registration number/certificate 

_________________________________________________________ 

 
 

  
 

1A710   Date of registration 
DAY    

  
 

 MONTH   
 

 YEAR   
 

      

1A720   Place of registration 
 _____________________________________________________________ 

 
 

  
 

1A730   National identification number of deceased 

_____________________________________________________________ 

 
 

  
 

SECTION 3. INFORMATION ON THE RESPONDENT AND BACKGROUND ABOUT INTERVIEW 
 

     
 

2A100 What is the name of VA respondent?   
 

 

 
   Surname: _______________________  Name: __________________________ 

 
 

2A110   What is the respondent's relationship to the deceased? Parent   
 

 Child   
 

  Other family member   
 

 Friend   
 

 Health worker   
 

 Public official   
 

 Another relationship   
 

2A115   Did the respondent live with the deceased in the period  
  leading to her/his death? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

2A120   Name of VA interviewer 
  
  Surname: ____________________________  Name:_______________________ 

 
 

2A130 Time at start of interview 
hh:mm 24h  ___:___ 

 
 

   
 

2A130 Time at end of interview 
 
hh:mm 24h  ___:___  

 

     
 

2A140   Date of interview DAY   
 

 MONTH   
 

 YEAR   
 

2A150   Did the respondent give consent? YES   
 

 NO   
 

3A280   During which season did (s)he die? Wet   
 Dry   

3A310   Did (s)he die suddenly?   YES   
   NO   
   Don’t know   
   Refuse to answer   

3A3100  What age of the respondent (in full years)    

3A3101   What was her/his marital status? 
   

  Single     
 

  Married     
 

   Life partner     
 

   Divorced     
 

   Widowed     
 

 

  Too young to be 
married     

 

    Don’t know     
 

    Refuse to answer     
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3A 3101  What was the date of marriage?  
 DAY     

 

     
 

  MONTH     
 

   YEAR     
 

3A3102   What was her/his highest level of schooling? 
   

  No formal education     
 

 

  Primary school(1-8 
Grade)     

 

 

  Secondary school (9-
12 Grade)      

 

 

  Higher then 
secondary school     

 

    Don’t know     
 

    Refuse to answer     
 

3A3103  Was (s)he able to read and write? (select 'yes' also if only one 
of either reading or writing is know to the respondent) 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3A3104 
 What was her/his economic activity status in year prior  to 
death?   

 Mainly 
unemployed     

 

   Mainly employed     
 

   Home-maker     
 

   Pensioner     
 

   Student     
 

   Other     
 

 

  Don’t know     
 

  Refuse to answer     
 

 

3A3105   What was her/his occupation, that is, what kind of work does (s)he mainly do? 

  ________________________________________________ 
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SECTION 4. GENERAL SIGNS AND SYMPTOMS ASSOCIATED WITH FINAL ILLNESS 

  3B100   Did (s)he have a fever?   YES  
➡ 

 
 

   NO  3B130 
 

   Don’t know  ➡ 3B130 
 

   Refuse to answer  ➡ 3B130 
 

3B110   How many days did the fever last? DAYS    
 

3B130   Did (s)he have a cough?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B180   Did (s)he have any breathing problem?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B190   During the illness that led to death, did (s)he have fast 
  breathing? 

  YES  
➡ 

 
 

   NO  3B210 
 

   Don’t know  ➡ 3B210 
 

   Refuse to answer  ➡ 3B210 
 

3B200   For how many days did the fast breathing last? DAYS    
 

3B210   Did (s)he have breathlessness?   YES  
➡ 

 
 

   NO  3B242 
 

   Don’t know  ➡ 3B242 
 

   Refuse to answer  ➡ 3B242 
 

3B220   For how many weeks did (s)he have breathlessness? WEEKS      
 

3B242   During the illness that led to death, did (s)he have 
  difficulty breathing? 

  YES  
➡ 

 
 

   NO  3B250 
 

   Don’t know  ➡ 3B250 
 

   Refuse to answer  ➡ 3B250 
 

3B244   For how many days did the difficulty breathing last? DAYS    
 

3B250   Did you see the lower chest wall/ribs being pulled in as 
  the child breathed? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B260   During the illness that led to death did his/her breathing 
  sound like any of the following: 

   

Stridor    
 

 Grunting    
 

   Wheezing    
 

 NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B280  Did (s)he have diarrhoea?   YES  
➡ 

 
 

   NO  3B310 
 

   Don’t know  ➡ 3B310 
 

   Refuse to answer  ➡ 3B310 
 

3B300   At any time during the final illness was there blood in   
  the stools? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B310   Did (s)he vomit?   YES  
➡ 

 
 

   NO  3B330 
 

   Don’t know  ➡ 3B330 
 

   Refuse to answer  ➡ 3B330 
 

3B315 For how many days before death did (s)he vomit? DAYS    
 

3B320    Did (s)he vomit blood? 

   
  YES    

 

   NO    
 

   Don’t know    
 

   Refuse to answer    
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3B330   Did (s)he have any abdominal problem? YES   
 

 NO   
 

 Don’t know   
 

 Refuse to answer   
 

3B360   Did (s)he have a more than usually 
 protruding abdomen? 

YES   
 

 NO   
 

 Don’t know   
 

 Refuse to answer   
 

3B440   Was (s)he unconscious for more than 24 
  hours before death? 

YES   
 

 NO   
 

 Don’t know   
 

 Refuse to answer   
 

3B460   Did (s)he have convulsions? YES   
 

 NO   
 

 Don’t know   
 

 Refuse to answer   
 

3B530   Did (s)he have any skin problems? YES   
 

 NO   
 

 Don’t know   
 

 Refuse to answer   
 

3B560   During the illness that led to death, did (s)he have any  
  skin rash? 

YES   
 

 NO   
 

 Don’t know   
 

 Refuse to answer   
 

3B594   During the illness that led to death, did he/she have    
 areas of the skin that turned black? 

YES   
 

 NO   
 

 
Don’t know   

 

 Refuse to answer   
 

3B596   During the illness that led to death, did (s)he bleed  
  from anywhere? 

YES   
 

 NO   
 

 Don’t know   
 

 Refuse to answer   
 

3B750   Did (s)he have yellow discoloration of the eyes? YES   
 

 NO   
 

 Don’t know   
 

 Refuse to answer   
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SECTION 5. NEONATAL AND CHILD HISTORY, SIGNS AND SYMPTOMS 
3D070   How old was the baby when the fatal illness started? 

DAYS 
 

 
  

 

    
 

      
 

3D100   Was the child part of a multiple birth? YES  
➡ 

 
 

 NO  3D104 
 

 Don’t know  ➡ 3D104 
 

 Refuse to answer  ➡ 3D104 
 

3D102  Was the child the first, second, or later in the birth   
 order? 

  First    
 

   Second or later    
 

3D104  Is the mother still alive? YES  ➡ 3D155 
 

 NO  
➡ 

 
 

 Don’t know  3D155 
 

 Refuse to answer  ➡ 3D155 
 

3D106  Did the mother die during or after the delivery? 
   During delivery           

 

➡      3D155 
 

  After delivery          
 

 

3D108a 
   How many months after the delivery did the mother die? 

   MONTHS     
 

3D108b How many days after the delivery did the mother die? DAYS     
 

3D155   Where was the deceased born? 
 Hospital     

 

  
 

 Other health facility    
 

  Home  

  

 

 On route to hospital   or 
facility 

 

 
 

  Other    
 

 Don’t know    
 

 Refuse to answer    
 

3D165   Did the mother receive professional assistance during the 
delivery? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D180   At birth, was the baby of usual size? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D190   At birth, was the baby smaller than usual, 
 (weighing less than 2.5 kg)? 

YES  ➡ 3D201 
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D200   At birth, was the baby larger than usual, weighing over 4.5 
kg)? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D201 
 What was the weight (in grams) of the deceased at birth? GRAMS  

  
 

   
 

       
 

3D210   How many months long was the pregnancy before the 
child was born? MONTHS 

 
 

  
 

    
 

       

3D215   Were there any complications in the late part of the 
pregnancy (defined as the last 3 months, before labour)? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D221   Were there any complications during labour or delivery? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D230 Was any part of the baby physically abnormal at time of 
delivery? (for example: body part too large or too small, 
additional growth on body)? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
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3D240   Did the baby/ child have a swelling or defect on the back? YES      
 

 NO      
 

 Don’t know      
 

 Refuse to answer      
 

3D241   Did the baby/ child have a very large head? YES   ➡ 3D251 
 

 NO      
 

 Don’t know      
 

 Refuse to answer      
 

3D242   Did the baby/ child have a very small head? YES      
 

 NO      
 

 Don’t know      
 

 Refuse to answer      
 

3D251   Did the baby stop moving in the womb before labour 
started? 

YES   
➡ 

 
 

 NO   3D255 
 

 Don’t know   ➡ 3D255 
 

 Refuse to answer   ➡ 3D255 
 

3D251a How many days before labour did you or the mother last feel 
the baby move? (maybe the respondent or health worker had 
examined the mother) 

      
 

  
 

    
 

 DAYS     
 

        

3D251b   How many hours before labour did you or the mother last 
feel the baby move? (maybe the respondent or health worker 
had examined the mother) 

      
 

  
 

    
 

 HOURS     
 

        

3D253  Was the baby born 24 hours or more after 
the water broke? 

YES  

 

 

NO  
 

Don’t know  
 

 Refuse to answer  
 

3D254   Was the liquor foul smelling? YES      
 

 NO      
 

 Don’t know      
 

 Refuse to answer      
 

  How was the baby delivered? 
 

3D258   Was the delivery normal vaginal, without forceps or 
vacuum? 

YES  ➡ 3D261 
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D259   Was the delivery vaginal, with forceps or vacuum? YES  ➡ 3D261 
 

 NO    
 

 Don’t know    
 

 Refuse to answer   
 

3D260   Was the delivery a caesarean section? YES   
 

 NO    
 

 Don’t know    
 

 Refuse to answer   
 

3D261   Did you/the mother receive any vaccinations since reaching 
adulthood including during this pregnancy? 

YES  
 ➡ 

 
 

 NO  3D267 
 

 Don’t know   ➡ 3D267 
 

 Refuse to answer   ➡ 3D267 
 

3D263   How many doses? DOSES    
 

3D265   Did the mother receive tetanus toxoid (TT) vaccine? YES    
 

 NO   
 

 Don’t know   
 

 Refuse to answer    
 

3D267   How many births, including stillbirths, did the baby's mother 
have before this baby? BIRTHS  
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3D269   During the last 3 months of pregnancy, labour or delivery, 
did the baby's mother suffer from high blood pressure? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D271   Did the baby's mother have foul smelling vaginal 
discharge during pregnancy or after delivery? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D273   During the last 3 months of pregnancy, labour or delivery, 
did the baby's mother suffer from convulsions? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D275   During the last 3 months of pregnancy did the baby's 
 mother suffer from blurred vision? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D276   Did the baby's mother have vaginal bleeding during the 
last 3 months of pregnancy but before labour started? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D277   Did the baby's bottom, feet, arm or hand come out of the 
vagina before its head? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D278   Was the umbilical cord wrapped more than once around the 
neck of the child at birth? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D280   Was the baby blue in colour at birth? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D285   Did the baby ever cry? YES  
➡ 

 
 

 NO  3D298 
 

 Don’t know  
➡ 

 
 

 Refuse to answer  3D298 
 

3D290   Did the baby cry immediately after birth, even if only a little 
bit? 

YES  
➡ 

 
 

 NO  3D294 
 

 Don’t know  ➡ 3D294 
 

 Refuse to answer  ➡ 3D294 
 

3D292 How many minutes after birth did the baby first cry? MINUTES    
 

3D294   Did the baby stop being able to cry? YES  
➡ 

 
 

 NO  3D298 
 

 Don’t know  ➡ 3D298 
 

 Refuse to answer  ➡ 3D298 
 

3D296   How many hours before death did the baby stop crying? 
HOURS  

  
 

   
 

      
 

3D298  Did the baby ever move? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D299   Did the baby ever breathe? YES  
➡ 

 
 

 NO  3D310 
 

 Don’t know    
 

 Refuse to answer    
 

3D300   Did the baby breathe immediately after birth, even a little? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
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3D310   Was the baby given assistance to breathe at birth? YES    

 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D320 
 If the baby didn't show any sign of life, was it born dead? 
 

 Ask this question only if you answer three 
questions(3D285, 3D298, 3D299) as ‘NO’ 

YES  
➡ 

 
 

 NO  3D345 
 

 Don’t know  ➡ 3D345 
 

 

Refuse to answer  ➡ 3D345 
 

 
 

3D325 Were there any bruises or signs of injury on child's body after 
the birth? 
 

Ask this question only if the baby was born dead 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D330   Was the dead baby macerated, that is, showed signs of 
decay? 

 
  Ask this question only if the baby was born dead 

YES  ➡ 3E100  

 
 

 

NO  ➡ 3E100 
 

 
 

 Don’t know  ➡ 3E100 
 

 Refuse to answer  ➡ 3E100 
 

3D345   Did the baby stop suckling? YES  
➡ 

 
 

 NO  3D360 
 

 Don’t know  ➡ 3D360 
 

 Refuse to answer  ➡ 3D360 
 

3D350 
  How many days after birth did the baby stop suckling? DAYS    

 

3D360   Did the baby have convulsions starting within the first 24 
hours of life? 

YES  ➡ 3D380 
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D370   Did the baby have convulsions starting more than 24 
hours after birth? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D380   Did the baby's body become stiff, with the back arched 
backwards? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D390   During the illness that led to death, did the baby have a 
bulging or raised fontanelle? 

YES  ➡ 3D410 
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D400   During the illness that led to death, did the baby have a 
sunken fontanelle? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D410  Did the baby become unresponsive or unconscious soon 
after birth, within less than 24 hours? 

YES  ➡ 3D430 
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D420   Did the baby become unresponsive or unconscious more 
than 24 hours after birth? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D430   During the illness that led to death, did the baby become 
cold to touch? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3D435  During the illness that led to death, did the baby become 
lethargic, after a period of normal activity? 

YES  

 

 

 

NO  

 

Don’t know  

 Refuse to answer  
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3D440   Did the baby have redness or discharge from the umbilical 
cord stump? 

YES   
 NO   
 Don’t know   
 Refuse to answer   

3D445   During the illness that led to death, did the baby have skin 
ulcer(s) or pits? 

YES   
 NO   
 Don’t know   
 Refuse to answer   

3D450   During the illness that led to death, did the baby have 
yellow skin, palms (hand) or soles (foot)? 

YES   
 NO   
 Don’t know   
 Refuse to answer   

3D455   Did the baby or infant appear to be healthy and then just 
die suddenly? 

YES   
 NO   
 Don’t know   
 Refuse to answer   

SECTION 6. HISTORY OF INJURIES/ACCIDENTS 
 

3E100   Did (s)he suffer from any injury or accident that led to 
her/his death? 

YES    
 

 NO  ➡ 3G110  

 
 

 Don’t know  ➡ 3G110 
 

 Refuse to answer  ➡ 3G110 
 

3E102   Was the injury intentionally inflicted by someone else? YES    
 

 NO  ➡ 3E115 
 

 Don’t know  ➡ 3E115 
 

 Refuse to answer  ➡ 3E115 
 

3E104   Was (s)he injured by a firearm? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3E106   Was (s)he stabbed, cut or pierced? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3E108   Was (s)he strangled? YES  
  

 

 NO  
 

 Don’t know    
 

 Refuse to answer    
 

3E111   Was (s)he injured by a blunt force? 
   

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3E112   Was (s)he injured by burns? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3E115   Was it a road traffic accident? YES  
➡ 

 
 

 NO  3E310 
 

 Don’t know  ➡ 3E310 
 

 Refuse to answer  ➡ 3E310 
 

3E120   What was her/his role in the road traffic accident? Pedestrian    
 

  In car or light vehicle    
 

 

  In bus or heavy 
  vehicle    

 

 On a motorcycle    
 

 On a pedal cycle    
 

 

Other  
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3E170   What was the counterpart that was hit during the road 
traffic accident? 

Pedestrian    
 

 Stationary object    
 

 Car or light vehicle    
 

 

  Bus or heavy 
  vehicle  

   

   
 

 Motorcycle    
 

 Pedal cycle    
 

 Other    
 

3E310   Was (s)he injured in a fall? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3E320   Did (s)he die of drowning? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3E330   Did (s)he suffer from accidental burns? YES  

 

 

 NO  
 

 Don’t know  
 

 Refuse to answer  
 

3E335   Was (s)he accidentally injured by a blunt force? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3E340   Was (s)he accidentally injured by a plant/animal/insect that 
led to her/his death? 

YES  
➡ 

 
 

 NO  3E500 
 

 Don’t know  ➡ 3E500 
 

 Refuse to answer  ➡ 3E500 
 

3E400   What was the plant/animal/insect? Dog    
 

 Snake    
 

 Insect or scorpion    
 

 Other    
 

 Don’t know    
 

3E500   Was (s)he injured by a force of nature? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3E510   Was there any poisoning? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3E520   Was (s)he subject to violence/assault? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3E530  Was it electrocution? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
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SECTION 7. HEALTH SERVICE UTILISATION 

3G110   Did (s)he receive any treatment for the illness that led to 
death? 

YES    
 

 NO  ➡ 3H100 
 

 Don’t know  ➡ 3H100 
 

 Refuse to answer  ➡ 3H100 
 

3G120   Did (s)he receive oral rehydration salts? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3G130  Did (s)he receive (or need) intravenous fluids (drip)  
treatment? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3G140   Did (s)he receive (or need) a blood transfusion? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3G150   Did (s)he receive (or need) treatment/food through a tube 
passed through the nose? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3G160  Did (s)he receive (or need) injectable antibiotics? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3G165   Did (s)he receive (or need) antiretroviral therapy (ART)? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3G170   Did (s)he receive (or need) an operation for the illness? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3G190   Was (s)he discharge from hospital very ill? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3H100   Has (s)he received immunization? YES  
➡ 

 
 

 NO  3H130 
 

 Don’t know  ➡ 3H130 
 

 Refuse to answer  ➡ 3H130 
 

3H110   Do you have the child's vaccination card? YES  
➡ 

 
 

 NO  3H130 
 

 Don’t know  ➡ 3H130 
 

 Refuse to answer  ➡ 3H130 
 

3H120   Can I see the vaccination card (note the vaccines the child 
received)? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3H125 Note vaccines here:     
 

 _____________________________________________________________________________   
 

 _____________________________________________________________________________   
 

 _____________________________________________________________________________   
 

 _____________________________________________________________________________   
 

      
 

3H130   Was care sought outside the home while (s)he had this 
illness? 

YES  
➡ 

 
 

 NO  3H160 
 

 Don’t know  ➡ 3H160 
 

 Refuse to answer  ➡ 3H160 
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3H140   Where or from whom did you seek care?   Traditional healer    
 

   Homeopath    
 

   Religious leader    
 

   Private hospital    
 

   Government hospital    
 

   Government health 
centre or clinic   

  
 

   
 

 

  Community-based 
practitioner associated 
with Health system    

 

   Trained birth attendant    
 

   Private physician    
 

   Pharmacy    
 

 Don’t know    
 

 Refuse to answer    
 

3H150  Record the name and address of any hospital, health centre or clinic where care was sought 

__________________________________________________________________________ 
  

 

   
 

 ___________________________________________________________     
 

       
 

3H160   Did a health care worker tell you the cause of death? YES  
➡ 

 
 

 NO  3H180 
 

 Don’t know  ➡ 3H180 
 

 Refuse to answer  ➡ 3H180 
 

3H170  What did the health care worker say?     
 

 ____________________________________________________________     
 

 _____________________________________________________________     
 

       
 

3H180   Do you have any health records that belonged to the 
deceased? 

YES  
➡ 

 
 

 NO  3H330 
 

 Don’t know  ➡ 3H330 
 

 Refuse to answer  ➡ 3H330 
 

3H190   Can I see the health records? YES  
➡ 

 
 

 NO  3H330 
 

 Don’t know  ➡ 3H330 
 

 Refuse to answer  ➡ 3H330 
 

3H200   Record the date of the most recent (last) visit DAY     
 

 MONTH     
 

 YEAR     
 

3H210   Record the date of the last but one (second last) visit DAY     
 

 MONTH     
 

 YEAR     
 

3H220  Record the date of the last note on the health records  DAY     
 

 MONTH     
 

 YEAR     
 

3H230   Record the weight (in kilogrammes) written at the most 
recent (last) visit [KG] . 

  
 

   
 

3H240   Record the weight (in kilogrammes) written at the last but 
one (second last) visit [KG] . 

  
 

   
 

3H250 
  
  Transcribe the last note on the health records     

 

 ____________________________________________________________________     
 

 ____________________________________________________________________     
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3H330   Has the deceased’s (biological) mother ever been tested for 

HIV? 
YES  

➡ 
 

 

 NO  3H350 
 

 Don’t know  ➡ 3H350 
 

 Refuse to answer  ➡ 3H350 
 

3H340   Was the HIV test ever positive? YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

3H350   Has the deceased’s (biological) mother ever been told she 
had HIV/AIDS by a health worker? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

SECTION 8. BACKGROUND AND CONTEXT     
 

4A100   In the final days before death, did s/he travel to a hospital 
or health facility? 

 

YES  
➡ 

 
 

 NO  4A150 
 

 Don’t know  ➡ 4A150 
 

 Refuse to answer  ➡ 4A150 
 

4A110   Did (s)he use motorised transport to get to the hospital or 
health facility? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

4A120   Were there any problems during admission to the hospital 
or health facility? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

4A130   Were there any problems with the way (s)he was treated 
(medical treatment, procedures, interpersonal attitudes, 
respect, dignity) in the hospital or health facility? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

4A140   Were there any problems getting medications, or diagnostic 
tests in the hospital or health facility? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

4A150   Does it take more than 2 hours to get to the nearest 
hospital or health facility from the deceased's household? 

YES    
 

 NO    
 

   
 

 Don’t know    
 

 Refuse to answer    
 

4A160   In the final days before death, were there any doubts about 
whether medical care was needed? 

YES    
 

 

NO  
   

   
 

   
 

 Don’t know    
 

 Refuse to answer    
 

4A170   In the final days before death, was traditional medicine 
used? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

4A180   In the final days before death, did anyone use a telephone 
or cell phone to call for help? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
 

4A190 Over the course of illness, did the total costs of care and 
treatment prohibit other household payments? 

YES    
 

 NO    
 

 Don’t know    
 

 Refuse to answer    
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SECTION 9. OPTIONAL OPEN NARRATIVE  
5A100 Narrative Description 

 _________________________________________________________________________ 
  

 _________________________________________________________________________ 

 _________________________________________________________________________ 

 _________________________________________________________________________ 

 _________________________________________________________________________ 

 _________________________________________________________________________ 

  

SECTION 10. DEATH CERTIFICATE  
6H260   Was a death certificate issued? 

   
YES  

➡ 
 

 

 NO  End 
 

 Don’t know  ➡ End 
 

 Refuse to answer  ➡ End 
 

6H270   Can I see the death certificate? YES  
➡ 

 
 

 NO  End 
 

 Don’t know  ➡ End 
 

 Refuse to answer  ➡ End 
 

6H280 Record the immediate cause of death from the certificate (line 1a) * 
____________________________________________________________ 

 Duration 1(a) 
 

    
 

6H290 Record the first antecedent cause of death from the certificate (line 1b) 

____________________________________________________________ 

 Duration 1(b) 
 

    
 

6H300 Record the second antecedent cause of death from the certificate (line 1c) 
____________________________________________________________ 

 Duration 1(c) 
 

    
 

6H310 Record the third antecedent cause of death from the certificate (line 1d) 

____________________________________________________________ 
 Duration 1(d) 

 

    
 

6H320 Record the contributing cause(s) of death from the certificate (part 2) 

__________________________________________________________ 
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                   VERBAL AUTOPSY                                 

                      QUESTIONNAIRE (II) 

 
Death of an infant aged 1-11 months  



122 
 

NO. QUESTIONS AND FILTERS  ANSWER   SKIP 
 

0A100a  Is this a region of high HIV/AIDS prevalence?   YES     
 

   NO     
 

0A100b  Is this a region of high malaria prevalence?   YES     
 

   NO     
 

SECTION 1. INFORMATION ON THE DECEASED INFANT       
 

1A100a  What was the first or given name(s) of the deceased? 

_________________________________________________________ 

    
 

     
 

1A100b  What was the surname (or family name) of the deceased? 

  _________________________________________________________ 

   
 

    
 

1A110  What was the sex of the deceased?  MALE    ➡  1A200 
 

   
 

    FEMALE   
 

 

1A400  Was this a woman who died more than 42 days but less 
than 1 year after being pregnant or delivering a baby? 

  YES     

 

 

 

  NO   
 

  Don’t know   
 

 

  Refuse to answer     
 

 

   1A401  Was this a woman who died more than 42days after being 
pregnant or delivering a baby? 

  YES     

 

 
 

  NO   
 

  Don’t know   
 

  Refuse to answer     
 

1A200  Is the date of birth known?   YES     
➡ 

 
 

   NO   1A220 
 

   Refuse to answer   ➡ 1A220 
 

1A210  When was the deceased born?  
DAY     

 

     
 

  MONTH     
 

  YEAR     
 

         

1A220  Is the date of death known?   YES   
➡ 

 
 

   NO   AAAA 
 

   Refuse to answer   ➡ AAAA 
 

1A230  When did (s)he die?  DAY     
 

  MONTH     
 

  YEAR     
 

         

AAAA   Put infant's age in months  

MONTHS  
   

 

     
 

         

1A500   What was her/his citizenship/nationality?   Citizen at birth     
 

   Naturalized citizen     
 

  Foreign national                        
  

 

    Don’t know     
 

1A510   What was her/his ethnicity? _________________________________________     
 

     

1A520   What was her/his place of birth? ___________________________________     
 

      

1A530   What was her/his place of usual residence? (The place where the person lived most of the 
year) ________________ 

   
 

 
    

1A540   What was her/his place of normal residence 1 to 5 years before death? ____________    
 

1A550 
  Where did death occur? (specify country, province, district, village) _______________ 

   
 

    
 

1A560   Where did the deceased die?   Hospital     
 

   Other health facility     
 

   Home      
 

 

  On route to facility or 
hospital     

 

   Other      
 

   Don’t know     
 

   Refuse to answer     
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SECTION 2. Vital Registration and Certification 

1A700   Death registration number/ certificate 

__________________________________________________________ 

 
 

  
 

1A710   Date of registration 
DAY    

  
 

 MONTH   
 

 YEAR   
 

      

1A720   Place of registration 
 _____________________________________________________________ 

 
 

  
 

1A730   National identification number of deceased 

_____________________________________________________________ 

 
 

  
 

SECTION 3. Information on the respondent and background about interview 
 

     
 

2A100 What is the name of VA respondent?    
 

    ____________________________________________    
 

     
 

2A110   What is the respondent's relationship to the deceased?    Parent   
 

 Child   
 

  Other family member   
 

 Friend   
 

 Health worker   
 

 Public official   
 

  Another relationship   
 

2A115   Did the respondent live with the deceased in the period 
leading to her/his death? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

2A120   Name of VA interviewer 
 _______________________________________________ 

 
 

2A130 Time at start of interview 
hh:mm 24h  ___፡___ 

 
 

   
 

2A135 Time at end of interview 
hh:mm 24h   ___፡___ 

 
 

   
 

2A140   Date of interview DAY   
 

 MONTH   
 

 YEAR   
 

2A150   Did the respondent give consent? YES   
 

 NO   
 

3A280   During which season did (s)he die? WET   
 DRY   

3A300   For how many days was (s)he ill before (s)he died? DAYS    
 

3A310   Did (s)he die suddenly?   YES   
   NO   
   Don’t know   
   Refuse to answer   

3A3100  What age of the respondent (in full years) 
 
   

3A3101   What was her/his marital status? 
   

  Single     
 

  Married     
 

   Life partner     
 

   Divorced     
 

   Widowed     
 

 

  Too young to be 
married     

 

    Don’t know     
 

    Refuse to answer     
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3A 3101  What was the date of marriage?  
 DAY     

 

     
 

  MONTH     
 

   YEAR     
 

3A3102   What was her/his highest level of schooling? 
   

  No formal education     
 

 

  Primary school(1-8 
Grade)     

 

 

  Secondary school (9-12 
Grade)      

 

 

  Higher then secondary 
school     

 

    Don’t know     
 

    Refuse to answer     
 

3A3103  Was (s)he able to read and write? (select 'yes' also if only 
one of either reading or writing is know to the respondent) 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3A3104 
 What was her/his economic activity status in year prior to 
death?   

 Mainly 
unemployed     

 

   Mainly employed     
 

   Home-maker     
 

   Pensioner     
 

   Student     
 

   Other     
 

 

  Don’t know     
 

  Refuse to answer     
 

 

3A3105   What was her/his occupation, that is, what kind of work does (s)he mainly do? 

  ______________________________________________  

SECTION 4: MEDICAL HISTORY ASSOCIATED WITH FINAL ILLNESS. 

  3A100   Was there any diagnosis by a physician or health worker of 

tuberculosis? 

 

  YES  
 

 
 

   NO   
 

   Don’t know    
 

   Refuse to answer    
 

3A110 Was there any diagnosis by a physician or health worker of 

HIV/AIDS? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3A120   Did (s)he have a recent positive test by a physician or health 

worker for malaria? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3A130   Did (s)he have a recent negative test by a physician or health 

worker for malaria? 

  YES  
 

 
 

   NO   
 

   Don’t know    
 

   Refuse to answer    
 

3A135   Was there any diagnosis by a physician or health worker of 

dengue fever? 

  YES  
 

 
 

   NO   
 

   Don’t know    
 

   Refuse to answer    
 

3A140   Was there any diagnosis by a physician or health worker of 

measles? 

  YES  
 

 
 

   NO   
 

   Don’t know    
 

   Refuse to answer    
 

3A150   Was there any diagnosis by a physician or health worker of 

high blood pressure? 

  YES    
 

   NO    
 

   Don’t know    
 

 
 Refuse to answer  
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3A160   Was there any diagnosis by a physician or health worker of 

heart disease? 

  YES  
 

 
 

   NO   
 

   Don’t know    
 

   Refuse to answer    
 

3A170   Was there any diagnosis by a physician or health worker of 

diabetes? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3A180   Was there any diagnosis by a physician or health worker of 

asthma? 

  YES  
 

 
 

   NO   
 

   Don’t know    
 

   Refuse to answer    
 

3A190   Was there any diagnosis by a physician or health worker of 
epilepsy? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3A200   Was there any diagnosis by a physician or health worker of 

cancer? 

  YES  
 

 
 

   NO   
 

   Don’t know    
 

   Refuse to answer    
 

3A210   Was there any diagnosis by a physician or health worker of 
Chronic Obstructive Pulmonary Disease (COPD)? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3A220   Was there any diagnosis by a physician or health worker of 

dementia? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3A230   Was there any diagnosis by a physician or health worker of 

depression? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3A240   Was there any diagnosis by a physician or health worker of 

stroke? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3A250   Was there any diagnosis by a physician or health worker of 

sickle cell disease? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3A260   Was there any diagnosis by a physician or health worker of 

kidney disease?  

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3A270   Was there any diagnosis by a physician or health worker of 

liver disease?   

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
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SECTION 5: GENERAL SIGNS AND SYMPTOMS ASSOCIATED WITH FINAL ILLNESS 

  3B100   Did (s)he have a fever? 

 

  YES  
➡ 

 
 

   NO  3B130 
 

   Don’t know  ➡ 3B130 
 

   Refuse to answer  ➡ 3B130 
 

3B110   How many days did the fever last? DAYS    
 

3B115   How severe was the fever? Mild    
 

 Moderate    
 

 Severe    
 

3B120   Did (s)he have night sweats?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B130   Did (s)he have a cough?   YES    
 

   NO  ➡ 3B180 
 

   Don’t know  ➡ 3B180 
 

   Refuse to answer  ➡ 3B180 
 

3B140   For how many days did (s)he have a cough? DAYS    
 

3B150   Was the cough productive, with sputum?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B155   Was the cough very severe?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B160   Did (s)he cough up blood?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B180   Did (s)he have any breathing problem?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B190   During the illness that led to death, did (s)he have fast 
breathing? 

  YES  
➡ 

 
 

   NO  3B210 
 

   Don’t know  ➡ 3B210 
 

   Refuse to answer  ➡ 3B210 
 

3B200   For how many days did the fast breathing last? DAYS    
 

3B210   Did (s)he have breathlessness?   YES  
➡ 

 
 

   NO  3B242 
 

   Don’t know  ➡ 3B242 
 

   Refuse to answer  ➡ 3B242 
 

3B220   For how many weeks did (s)he have breathlessness? WEEKS      
3B230   Was (s)he unable to carry out daily routines due to 

breathlessness? 

  YES  
 

 
 

   NO   
 

   Don’t know    
 

   Refuse to answer    
 

3B240   Was (s)he breathless while lying flat?   YES  
 

 
 

   NO   
 

   Don’t know    
 

   Refuse to answer    
 

3B242   During the illness that led to death, did (s)he have difficulty 

breathing? 
  YES  

➡ 
 

 

   NO  3B260 
 

   Don’t know  ➡ 3B260 
 

   Refuse to answer  ➡ 3B260 
 

3B246   Was the difficulty continuous or on and off?   Continuous   
 

 

   On and off  
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3B260   During the illness that led to death did his/her breathing 
sound like any of the following: Stridor, Grunting, Wheezing   

Stridor    
 

 Grunting     
 

   Wheezing    
 

 NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B270   Did (s)he have severe chest pain?   YES  
➡ 

 
 

   NO  3B280 
 

   Don’t know  ➡ 3B280 
 

   Refuse to answer  ➡ 3B280 
 

3B272  How many days before death did (s)he have severe chest  
pain? DAYS    

 

3B274   How many minutes did the pain last? MINUTES    
 

3B280   Did (s)he have diarrhoea?   YES  
➡ 

 
 

   NO  3B310 
 

   Don’t know  ➡ 3B310 
 

   Refuse to answer  ➡ 3B310 
 

3B290   For how many days did (s)he have diarrhoea? DAYS    
 

3B300   At any time during the final illness was there blood in the 

stools? 

  YES    
 

   NO  ➡ 3B310 
 

   Don’t know  ➡ 3B310 
 

   Refuse to answer  ➡ 3B310 
 

3B305   Was there blood in the stool up until death?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B310   Did (s)he vomit?   YES  
➡ 

 
 

   NO  3B330 
 

   Don’t know  ➡ 3B330 
 

   Refuse to answer  ➡ 3B330 
 

3B315 For how many days before death did (s)he vomit? DAYS    
 

3B320    Did (s)he vomit blood? 

   
  YES    

 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B325    Was the vomit black? 

   
  YES    

 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3B330   Did (s)he have any abdominal problem?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B340   Did (s)he have severe abdominal pain?   YES   
 

   NO  ➡ 3B360 
 

   Don’t know  ➡ 3B360 
 

   Refuse to answer  ➡ 3B360 
 

3B350   For how many days before death did (s)he have severe 
abdominal pain? DAYS    

 

3B355   Was the pain in the upper or lower abdomen? Upper abdomen   
 

Lower abdomen   
 

3B360   Did (s)he have a more than usually protruding abdomen?   YES   
 

   NO   ➡    3B380 
 

   Don’t know   ➡    3B380 
 

   Refuse to answer   ➡    3B380 
 

3B370  For how many days did (s)he have a more than usually 
protruding abdomen? DAYS    

 

3B375   How rapidly did (s)he develop the protruding abdomen? Rapidly   
 

Slowly   
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3B380   Did (s)he have any mass in the abdomen?   YES   
 

   NO   ➡    3B400 
 

   Don’t know   ➡    3B400 
 

   Refuse to answer   ➡    3B400 
 

3B390  For how many days before death did (s)he have a mass in the 
abdomen? DAYS    

 

3B400   Did (s)he have a severe headache?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B405   Did (s)he have a stiff neck during illness that led to death?   YES   
 

   NO  ➡ 3B409 
 

   Don’t know  ➡ 3B409 
 

   Refuse to answer  ➡ 3B409 
 

3B407   For how many days before death did (s)he have stiff neck? DAYS    
 

3B409   Did (s)he have a painful neck during the illness that led to 

death? 

  YES   
 

   NO  ➡ 3B420 
 

   Don’t know  ➡ 3B420 
 

   Refuse to answer  ➡ 3B420 
 

3B410   For how many days before death did (s)he have a painful 

neck? DAYS    
 

3B420   Did (s)he have mental confusion?   YES   
 

   NO  ➡ 3B440 
 

   Don’t know  ➡ 3B440 
 

   Refuse to answer  ➡ 3B440 
 

3B430   For how many months did (s)he have mental confusion? MONTHS    
 

3B440   Was (s)he unconscious for more than 24 hours before death?   YES   
 

   NO  ➡ 3B460 
 

   Don’t know  ➡ 3B460 
 

   Refuse to answer  ➡ 3B460 
 

3B450   Did the unconsciousness start suddenly, quickly (at least 
within a single day)? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B455   Did the unconsciousness continue until death? 

 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B460   Did (s)he have convulsions?   YES   
 

   NO  ➡ 3B490 
 

   Don’t know  ➡ 3B490 
 

   Refuse to answer  ➡ 3B490 
 

3B465   Did (s)he experience any generalized convulsions or fits 
during the illness that led to death? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B470   For how many minutes did the convulsions last? 
  MINUTES    

 

3B480   Did (s)he become unconscious immediately after the 

convulsion? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B490   Did (s)he have any urine problems?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B500   Did (s)he pass no urine at all?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
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3B510   Did (s)he go to urinate more often than usual?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B520   During the final illness did (s)he ever pass blood in the urine?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B530   Did (s)he have any skin problems?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B535   Did (s)he have sores?   YES   
 

   NO  ➡ 3B540 
 

   Don’t know  ➡ 3B540 
 

   Refuse to answer  ➡ 3B540 
 

3B537   Did the sores have clear fluid or pus?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B540   Did (s)he have any ulcers, abscess or sores anywhere except 

on the feet? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B542   Did (s)he have an ulcer (pit) on the foot?   YES   
 

   NO  ➡ 3B560 
 

   Don’t know  ➡ 3B560 
 

   Refuse to answer  ➡ 3B560 
 

3B544   Did the ulcer ooze pus?   YES   
 

   NO  ➡ 3B550 
 

   Don’t know  ➡ 3B550 
 

   Refuse to answer  ➡ 3B550 
 

3B546   For how many days did the ulcer ooze pus? DAYS    
 

3B550   Did (s)he have any ulcers, abscess or sores on the feet that 
were not also on other parts of the body? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B560   During the illness that led to death, did (s)he have any skin 

rash? 

  YES   
 

   NO  ➡ 3B596 
 

   Don’t know  ➡ 3B596 
 

   Refuse to answer  ➡ 3B596 
 

3B570   For how many days did (s)he have the skin rash? DAYS    
 

3B575   Where was the rash? 
  

Face   
 

 Trunk or abdomen   
 

 Extremities   
 

   Everywhere   
 

3B580   Did (s)he have measles rash (use local term)?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B590   Did (s)he ever have shingles or herpes zoster?     YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B596   During the illness that led to death, did (s)he bleed from 
anywhere? 

  YES   
 

   NO   ➡ 3B610 
 

   Don’t know   ➡ 3B610 
 

   Refuse to answer   ➡ 3B610 
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3B600   Did (s)he bleed from the nose, mouth or anus?   YES  

 

 

  NO  
 

  Don’t know  
 

  Refuse to answer  
 

3B610   Did (s)he have noticeable weight loss? 

   
  YES   

 

   NO  ➡ 3B630 
 

   Don’t know  ➡ 3B630 
 

   Refuse to answer  ➡ 3B630 
 

3B620   Was (s)he severely thin or wasted?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B630   During the illness that led to death, did s/he have a whitish 
rash inside the mouth or on the tongue? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B640   Did (s)he have stiffness of the whole body or was unable to 
open the mouth? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B650   Did (s)he have puffiness of the face?   YES   
 

   NO  ➡ 3B654 
 

   Don’t know  ➡ 3B654 
 

   Refuse to answer  ➡ 3B654 
 

3B652  For how many days did (s)he have puffiness of the face? DAYS    
 

3B654   During the illness that led to death, did (s)he have swelling in 

the armpits? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B656   During the illness that led to death, did (s)he have swollen 

legs or feet? 

  YES   
 

   NO  ➡ 3B660 
 

   Don’t know  ➡ 3B660 
 

   Refuse to answer  ➡ 3B660 
 

3B658   How many days did the swelling last? DAYS    
 

3B660   Did (s)he have both feet swollen?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B665   Did (s)he have general puffiness all over hi(s)her body?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B670   Did (s)he have any lumps?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B680   Did (s)he have any lumps or lesions in the mouth?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B690   Did (s)he have any lumps on the neck?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B700   Did (s)he have any lumps on the armpit?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
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3B710   Did (s)he have any lumps on the groin? 

   
  YES   

 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B720   Did she have any swelling or lump in the breast?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B722   Did she have any ulcers (pits) in the breast?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B724   Was (s)he in any way paralysed?   YES   
 

   NO  ➡ 3B732 
 

   Don’t know  ➡ 3B732 
 

   Refuse to answer  ➡ 3B732 
 

3B730   Did s(he) have paralysis of only one side of the body?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B731   Which were the limbs or body parts paralysed?  Right side   
 

  Left side   
 

  Lower part of body   
 

 

 

  Upper part of body   
 

  One leg only   
 

 

 One arm only  

 

 

 Whole body  
 

 Other  
 

3B732   Did (s)he have difficulty swallowing?   YES   
 

   NO  ➡ 3B745 
 

   Don’t know  ➡ 3B745 
 

   Refuse to answer  ➡ 3B745 
 

3B734   For how many days before death did (s)he have difficulty 

swallowing? DAYS    
 

3B740   Was the difficulty with swallowing with solids, liquids, or 

both? 

Solids   
 

 Liquids   
 

 Both   
 

3B745   Did (s)he have pain upon swallowing?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B750   Did (s)he have yellow discoloration of the eyes?   YES   
 

   NO  ➡ 3B760 
 

   Don’t know  ➡ 3B760 
 

   Refuse to answer  ➡ 3B760 
 

3B755   For how many days did (s)he have the yellow discoloration? DAYS    
 

3B760   Did her/his hair change in colour to a reddish or yellowish 

colour? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B770   Did (s)he look pale (thinning/lack of blood) or have pale 
palms, eyes or nail beds? 

  YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
 

3B780   Did (s)he have sunken eyes?   YES   
 

   NO   
 

   Don’t know   
 

   Refuse to answer   
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3B790   Did (s)he drink a lot more water than usual?   YES   
 

   NO   
 

    Don’t know   
 

    Refuse to answer   
 

 SECTION 6: HISTORY OF INJURIES/ACCIDENTS 
 

3E100   Did (s)he suffer from any injury or accident that led to 
her/his death? 

YES    
 

 
NO  ➡ 3F100  

 
 

 Don’t know  ➡ 3F100 
 

 Refuse to answer  ➡ 3F100 
 

3E102   Was the injury intentionally inflicted by someone else?   YES    
 

   NO  ➡ 3E113 
 

   Don’t know  ➡ 3E113 
 

   Refuse to answer  ➡ 3E113 
 

3E104   Was (s)he injured by a firearm?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3E106   Was (s)he stabbed, cut or pierced?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3E108   Was (s)he strangled?   YES  
  

 

   NO  
 

   Don’t know    
 

   Refuse to answer    
 

3E111   Was (s)he injured by a blunt force? 
   

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3E112   Was (s)he injured by burns?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3E115   Was it a road traffic accident?   YES  
➡ 

 
 

   NO  3E310 
 

   Don’t know  ➡ 3E310 
 

   Refuse to answer  ➡ 3E310 
 

3E120   What was her/his role in the road traffic accident? Pedestrian    
 

 
  Driver or passenger in 
car or light vehicle    

 

 

  Driver or passenger in 
bus or heavy vehicle    

 

 
Driver or passenger on a 
motorcycle    

 

 

Driver or passenger on a 
pedal cycle    

 

3E170   What was the counterpart that was hit during the road traffic 
accident? 

Pedestrian    
 

 Stationary object    
 

 Car or light vehicle    
 

 

  Bus or heavy vehicle  
   

   
 

 Motorcycle    
 

 Pedal cycle    
 

 Other    
 

3E310   Was (s)he injured in a fall?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
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SECTION 7: HEALTH SERVICE UTILISATION 

3G110   Did (s)he receive any treatment for the illness that led to 
death? 

  YES    
 

   NO  ➡ 3H100 
 

   Don’t know  ➡ 3H100 
 

   Refuse to answer  ➡ 3H100 
 

3G120   Did (s)he receive oral rehydration salts?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3G130   Did (s)he receive (or need) intravenous fluids (drip) 
treatment? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3G140   Did (s)he receive (or need) a blood transfusion?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3G150   Did s/he receive (or need) treatment/food through a tube 
passed through the nose? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3E320   Did (s)he die of drowning?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3E330   Was (s)he suffering from burns?   YES  

 

 

   NO  
 

   Don’t know  
 

   Refuse to answer  
 

3E335   Was (s)he injured by a blunt force?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3E340   Was (s)he injured by a plant/ animal/insect that led to her/his 
death? 

  YES  
➡ 

 
 

   NO  3E500 
 

   Don’t know  ➡ 3E500 
 

   Refuse to answer  ➡ 3E500 
 

3E400   What was the plant/animal/insect? Dog    
 

 Snake    
 

 Insect or Scorpion    
 

    Others    
 

 Don’t know    
 

3E500   Was (s)he injured by a force of nature?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3E510   Was there any poisoning?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3E520   Was (s)he subject to violence/assault?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3E530   Was it electrocution?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
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3G160   Did (s)he receive (or need) injectable antibiotics?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3G165   Did (s)he receive (or need) antiretroviral therapy (ART)?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3G170   Did (s)he have (or need) an operation for the illness?   YES    
 

   NO  ➡ 3G190 
 

   Don’t know  ➡ 3G190 
 

   Refuse to answer  ➡ 3G190 
 

3G180   Did (s)he have the operation within 1 month before death?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3G190   Was (s)he discharged from hospital very ill?   YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

3H130   Was care sought outside the home while (s)he had this 
illness? 

  YES  
➡ 

 
 

   NO  3H160 
 

   Don’t know  ➡ 3H160 
 

   Refuse to answer  ➡ 3H160 
 

3H140   Where or from whom did you seek care?   Traditional healer    
 

   Homeopath    
 

   Religious leader    
 

   Private hospital    
 

   Government hospital    
 

   Government health 
centre or clinic   

  
 

   
 

 

  Community-based 
practitioner associated 
with health system    

 

  Trained birth attendant    
 

  Private physician    
 

   Pharmacy    
 

3H150  Record the name and address of any hospital, health centre 
or clinic where care was sought 

_____________________________________________________________________   
 

        

3H160   Did a health care worker tell you the cause of death?   YES  
➡ 

 
 

   NO  3H180 
 

   Don’t know  ➡ 3H180 
 

   Refuse to answer  ➡ 3H180 
 

3H170  What did the health care worker say?     
 

 _____________________________________________________________     
 

       
 

3H180   Do you have any health records that belonged to the 
deceased? 

  YES  
➡ 

 
 

   NO  4A100 
 

   Don’t know  ➡ 4A100 
 

   Refuse to answer  ➡ 4A100 
 

3H190   Can I see the health records?   YES  
➡ 

 
 

   NO  4A100 
 

   Don’t know  ➡ 4A100 
 

   Refuse to answer  ➡ 4A100 
 

3H200   Record the date of the most recent (last) visit DAY     
 

 MONTH     
 

 YEAR     
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3H210  Record the date of the last but one (second last) visit DAY     
 

 MONTH     
 

 YEAR     
 

3H220  Record the date of the last note on the health records 

 
DAY     

 

 MONTH     
 

 YEAR     
 

3H230   Record the weight (in kilograms) written at the most recent 
(last) visit [KG] . 

  
 

   
 

3H240   Record the weight (in kilograms) written at the last but one 
(second last) visit [KG] . 

  
 

   
 

3H250   Transcribe the last note on the health records     
 

 ____________________________________________________________________     
 

 ____________________________________________________________________     
 

 

 

      
 

  SECTION 8: BACKGROUND AND CONTEXT     
 

4A100   In the final days before death, did s/he travel to a hospital 
or health facility? 

  YES  
➡ 

 
 

   NO  4A150 
 

   Don’t know  ➡ 4A150 
 

   Refuse to answer  ➡ 4A150 
 

4A110   Did (s)he use motorised transport to get to the hospital or 
health facility? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

4A120   Were there any problems during admission to the 
hospital or health facility? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

4A130   Were there any problems with the way (s)he was treated 
(medical treatment, procedures, interpersonal attitudes, 
respect, dignity) in the hospital or health facility? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

4A140   Were there any problems getting medications, or 
diagnostic tests in the hospital or health facility? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

4A150   Does it take more than 2 hours to get to the nearest 
hospital or health facility from the deceased's household? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

4A160   In the final days before death, were there any doubts 
about whether medical care was needed?  

YES    
 

 

  NO  
   

   
 

   Don’t know    
 

 Refuse to answer    
 

4A170   In the final days before death, was traditional medicine 
used? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

4A180   In the final days before death, did anyone use a 
telephone or cell phone to call for help? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
 

4A190   Over the course of illness, did the total costs of care and 
treatment prohibit other household payments? 

  YES    
 

   NO    
 

   Don’t know    
 

   Refuse to answer    
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  SECTION 9: OPTIONAL OPEN NARRATIVE 
 

   5A100   Narrative Description 
 

      

 

 

 

 

 

 

 

 

 
 

 

 
 

SECTION 10: DEATH CERTIFICATE  
6H260   Was a death certificate issued?   YES  

➡ 
 

   NO  END 
   Don’t know  ➡ END 
   Refuse to answer  ➡ END 

6H270   Can I see the death certificate?   YES  
➡ 

 

   NO  END 
   Don’t know  ➡ END 
   Refuse to answer  ➡ END 

6H280 Record the immediate cause of death from the certificate (line 1a) * 
  ____________________________________________________________ 

 Duration 1(a) 
    

6H290 Record the first antecedent cause of death from the certificate  (line 1b) 
____________________________________________________________ 

 Duration  1(b) 

    
6H300 

 Record the second antecedent cause of death from the certificate(line 1c) 
___________________________________________________________________ 

 Duration1(c) 

    

6H310 Record the third antecedent cause of death from the certificate (line 1d) 
___________________________________________________________________ 

 Duration  1(d) 

    

6H320 
Record the contributing cause(s) of death from the certificate (part 2) 
_____________________________________________    
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Molecular Based Microbial Water Quality Test Questionnaire Form (Households Level) 

             

Region: Zone: Woreda: Kebele: Name of Interviewer/Sampler: 
             
Note (1) Note (2) Note (3) Note (4) Note (5) Note (6) Note (7) Note (8) Note (9) Note (10) Note (11) Note (12) 

Date Household 
ID/ Water 
Sample ID 

Village 
name 

where the 
HH lives 

GPS Coordinates of 
the Dwelling (UTM 

Reading) 

Please provide me 
with a glass of 
water that you 
would give to a 

child (under 1 year 
old) to drink 

Did you or 
anyone in your 
household do 

anything to this 
water to make it 
safer to drink? 

(Yes/No) 

If yes, What did 
you/household 
member do to 

make this water 
safe for 

drinking? 

When did 
you fetch 

this water? 

What is the 
source of this 

glass of 
water? 

Where is the 
source of 

this glass of 
water? 

Does the 
water 

storage 
safe or 
unsafe? 

 Latitude 
(N) 

Longitude 
(E) 

Age in 
months 

Sex 
(M/F) 

                          

                          

                          

                          

                          

             

             

             Notes: 
Note (5): Age in Months ( this is the age of a child "Under 1 year old" which the provided sample of a glass of water that the households would give to a child (under 1 

year old) to drink. The age should be written in a complete months. 
Note (6): Sex ( this is the sex of a child "Under 1 year old" which the provided sample of a glass of water that the households would give to a child (under 1 year old) to 

drink. The sex should be recorded either in "Male" or "Female" 
Note (8): Household member do to make this water safe for drinking means ( Boiling, add Chlorine, use a water filter…) 
Note (9): When did you fetch this water? 1-Today, 2- Yesterday, 3- Less than a week age, 4- Over 1 week ago 
Note (10): What is the source of this glass of water? 1- PIPED WATER INTO DWELLING, 2- PIPED WATER INTO YARD/PLOT, 3- PIPED WATER PUBLIC 

TAP/STANDPIPE, 4- TUBEWELL/BOREHOLE, 5- PROTECTED DUG WELL, 6- UNPROTECTED DUGWELL, 7-PROTECTED SPRING, 8- UNPROTECTED 
SPRING, 9-RAINWATER COLLECTION, 10-PIPED WATER KIOSK/RETAILER, 11- BOTTLED WATER 12- SURFACE WATER (RIVER, DAM, LAKE, POND, 
STREAM, CANAL, IRRIGATION CHANNELS), 13- OTHERS,SPECIFY………………………... 
Note (11): Where is the source of this glass of water? 1- IN THE DWELLING, 2- PRIVATE YARD/PLOT, 3- NEIGHBOR'S YARD/SHARED COMPOUND, 4- PUBLIC 

SPACE, 5-  OTHERS,SPECIFY………………………...   
Ask them: Can you please show me the source of this glass of water, so that I can also take a water sample from there? ….. Go to Next page 
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Molecular Based Microbial Water Quality Test Questionnaire Form 

Main Water Source Level 

 
Region:    Zone:     Woreda:  Name of Interviewer/Sampler: 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 

Date Household 
ID 

Village name 
where the HH 

lives 

Type of Water 
source used? 

Water source 
ID Number 

GPS Coordinates of the 
Water Source (UTM 

Reading) 

Did the Water 
Source is 

being 
cleaned 

regularly? 
(Yes/No) 

Did the 
Water 

Source is 
being 

treated? 
(Yes/No) 

Did the water 
Source 
fenced/ 

Catchment  
protection? 
(Yes/No) 

Latitude 
(N) /Y 

Longitude 
(E) /X 

                    

                    

                    

                    

                    

          

          

 
Notes 
Q1,Q2, Q3: These all should be recorded from page 1 
Q4: Type of Water Source should be recorded from Page 1 ( Note 10) and TAKE PHOTO OF THE WATER SOURCE 
Q5: Go to the water source that the households used and TAKE THE WATER SAMPLE   
Q8: Confirm whether the water source is being treated or not 
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ANNEX II: Loop-based Isothermal Amplification (LAMP) Laboratory Protocol 

LAMP PROTOCOL FOR THE DETECTION OF FIVE 

PATHOGENS IN DRINKING WATER 

(Cryptosporidium, Shigella, Toxin producing strain of E.Coli and Rotavirus) 

PHASE ONE: Field Work 

Step 1: Water Sample Collection 

Equipment and Consumables needed 

 GPS   ( Quantity # 02  ) 

 One liter sterile bottle ( Quantity # 20 ) 

 Ethanol (70-90%) 

 Ice box  ( Quantity # 02 ) 

 Ice pack (Quantity # 20) 

 Gauze 

 Glove 

 Plaster to level the sample 

 Sterilize forceps 

 Lighter/Matches 

 Autoclave and Sterilizer Indicator paper 

 Aluminum Foil 

 Field testing checklist/format 

 
Procedure 

1. Collect one liters of water sample from the households (Drinking water sample from 

infant‘s point-of-use) in sterile bottles without chemical additives and label with date, 

time, and place of collection. 

2. Transfer to the next step 2 immediately for processing in a cooler box at 4 °C ± 1°C
1
 

and the next step 2 (Filtration) should be done with six hours from time of collection. 

Step 2: Filtration 

Equipment and Consumables needed 

 Virosorb 1MDS 47-mm disc filters 

 Filtration Apparatus ( Plastic collar, Funnel, Bronze Disc, Silicone Rings (pair), 

Aluminum Base, Vacuum Connection, Black Rubber O-Ring, Vacuum Cup, Vacuum 

pump with Connector) 

 Petri Dishes ( Quantity # 70 )  

 Sterilized forceps/Tweezers 

                                                           
1
 This is to help minimize changes in the microbial content with exposure to light and high temperatures. As 

recommended by WHO and UNEP (Gray, 2008) 
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 Gauze 

 Lighter/Matches 

 Methanol (Methyle Alcohol) 

 Ice bag  ( Quantity # 01 ) 

 Ice pack (Quantity # 05 ) 

Procedure 

1. Assemble the filtration apparatus (loosen the filter funnel and remove from the rubber 

base support). Invert the filter funnei and place it down on the clean work-surface. 

2. Sterilize the forceps by passing them from side to side through a flame from a lighter 

and allow cooling. N.B (Take care not to heat for too long as this will cause sooty 

deposit to form). 

3. Remove a sterile, individually wrapped 1mds disk membrane filter using a sterile 

forceps. 

4. Place the 1mds disk membrane filter directly onto the bronze filter support disc housed 

in the blue rubber base.  

5. Lock the membrane filter in place by pushing the filter funnel firmly into position in the 

blue rubber base. Ensure the filter funnel is aligned correctly. 

6. Pour the water sample into the filter funnel and commence the filtration until all (1liter) 

sample filtered. N.B ( Do not pump too many times so as to avoid drawing excess air 

through the membrane filter) 

7. When the entire sample has been filtered, detach the vaccum pump and remove the 

filter funnel from the rubber base and remove the 1mds membrane filter by using sterile 

forceps and place in a sterile petri dish and stored at 4 ºC until received by laboratory 

base (PHASE TWO). 

 

PHASE TWO: Laboratory Work at EPHI   

Step 3: Elusion  
Equipment and Consumables needed 

Laboratory Facilities 

 A laboratory bench for the Elusion procedures  

 A laboratory bench for the DNA/RNA Extraction procedures  

 A laboratory bench for the LAMP ASSAY/Amplification procedures 

Equipment and Supplies 

 Pathogens adsorbed 1MDS 47-mm disc filters sample 

 Filtration Apparatus ( Plastic collar, Funnel, Bronze Disc, Silicone Rings (pair), 

Aluminum Base, Vacuum Connection, Black Rubber O-Ring, Vacuum Cup, Vacuum 

pump with Connector)  

 Centrifuge (or equivalent assembly) capable of spinning 50 ml conical tubes and 15 

ml centrifuge tubes at 4,400 x g for 30 min  

 Vortex mixer 

 Conical tube (50ml, 15ml) with rack 

 Serological pipette  

 Stir with a stir bar 

 Autoclave with sterilizer Indicator paper 

 dH2O (distilled water) 

 Sterilized forceps/Tweezers 

 Gauze 

 Lighter/Matches 
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 Methanol (Methyle Alcohol) 

Reagents 

 Sodium polyphosphate (NaPP), Sigma, Cat. No. 305553-25G 

 Tween 80 (Non-Ionic Surfactant), CARELABMED, CAS NO = 9005-65-6: 500ml 

 Anti-foam Agent (BIO-RAD, CA 94547; 100ml) 

 Beef Extract Powder (Accumix, Microxpress #AB002, BEP-1803) 

 Glycerol anhydrous (Fluka Chemie AG CH -9470 Buchs) 

 NaOH ( Sodium Hydroxide) 

 HCl ( Hydrochloric Acid) 

 

Stage 1: Preparation of Backflush Solution: (1.5% beef extract / 0.05M glycerin/ 0.01% 

Tween 80/0.1% NaPP/0.001% Antifoam Agent). 

Note: the solution should be prepared freshly on the first day and stored at 4 °C for no more 

than 48 hours. The pH of the eluting solutions should be adjusted to 8  

 

a) Prepare buffered protein solution ( 1.5% beef extract in an aqueous glycerin solution) 

 Prepare buffered 1.5% beef extract by dissolving 30g of beef extract powder and 7.5g 

of glycine (final glycine concentration=0.05M) in 1.9L of dH2O (distilled water) 

 Adjust the PH to 9.5 with 1 or 5M NaOH
2
 and bring the final volume to 2L with dH2O 

(distilled water). 

 Autoclave at 121
o
C for 15min and use at room temperature. (Beef extract solutions 

may be stored for one week at 4
O
C for longer period at -20

o
C) 

(Source: ICR microbial lab Manual) 

b) Prepare Tween 80 stock solution (0.01%) 

  Mix 0.01mL (10l) of polyoxyethylenesorbitan monooleate 80 (Tween 80) stock 

solutions with 99.99 mL of distilled water. 

c) Prepare Sodium Polyphosphate (NaPP) stock solution (0.1%) 

 Prepare solution by dissolving 0.1 g of Sodium polyphosphate powder in distilled 

water to a final volume of 100 mL. 

d) Prepare Anti-foam Agent stock solution (0.001%) 

 Prepare solution by dissolving 0.001ml (1l) of Anti-foam Agent stock solutions 

with 99.999 mL of distilled water.  

 

Stage 2: Eluting/Backflush Solution for one sample: 

For each 1MDS disk filter sample to be processed, make 400ml Eluting/backflush solution 

 

 Prepare solution by mixing 100ml 1.5% beef extract with 0.05M glycerin + 100 

mL 0.01% Tween 80 + 100 mL 0.1% Sodium polyphosphate + 100mL 0.001% 

Antifoam agent.  

 Adjust the pH to 8 using a pH meter. 

 

 

 

 

 

                                                           
2
 Prepare 1M and 5M solutions by dissolving 4g or 20g of NaOH in a final volume of 100ml of dH2O, respectively. 

(NaOH solution may be stored for several months at room temperature). Source: ICR M.Lab) 
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Stage 3: Backflush / Elusion Procedure 

 

Procedure:  

1. Get ready a sample (Pathogens adsorbed Virosorb 1MDS 47-mm disc filter). (Remove 

the selected filters from the refrigerator at least one hour prior to executing the 

backflush procedure) 

2. Assemble the filtration system with one filter 

3. Place a 1MDS disk filter onto the bronze disc filter support. ( Replace the filter funnel 

and collar immediately, without allowing them to come into contact with any external 

objects) 

4. Screw the plastic collar down tightly to hold the membrane and to provide a solution 

tight seal. 

5. Pour the 400ml of backflush solution into the filtration funnel up to the appropriate 

mark (10, 50 or 100ml) engraved on the internal surface of the funnel. (Take care not 

to allow external debris to enter the funnel). Allow the backflush solution to contact 

the 1MDS disc filter for 10 min. 

6. Insert the plastic connector of the vacuum pump into the vacuum connection on the 

filtration base. Squeeze the pump bulb several times to draw a vacuum, then squeeze 

as required to draw all the backflush solution through the 1mds disk filter. 

7. Continue pumping until no backflush solution remains in the container or the tubing 

and the out flow from the 1mds disk filter has slowed to a trickle. Do not pump air 

into the filter for more than approximately 10 seconds.  

8. Measure and record back-flush volume or weight, if necessary.  

9. Repeat the back-flush procedure for the remaining filters of the set.  

 

Stage 3: Concentrating Targeted Pathogens from Backflush Effluent 

 

1. Each filter yields approximately 400 ml of effluent. Divide the effluent collected from 

each filter into four 100ml conical centrifuge bottles. You will have a total of four 100 

ml conical bottles for each filter. 

2. Balance the four conical bottles with PBS
3
 and centrifuge at 4,400 x g for 30 min with 

maximal acceleration and a brake setting of 6 (on a scale of 0-9) for deceleration. 

3. Carefully remove and discard all but ~25-30 ml of the supernatant from each 

centrifuge bottle using a glass Pasteur pipet connected to a vacuum aspirator or a 50 

ml serological pipette. A vacuum aspiration system will save time.  

4. Re-suspend each pellet in the remaining supernatant by pipetting up/down and 

vortexing. Transfer approximately 13-15 ml aliquots of the re-suspended material 

from the four 100 ml centrifuge bottles to multiple 15 ml centrifuge tubes. Use a 

single 10 ml aliquot of PBS to rinse all four empty bottles one by one and add the 

rinse material to the 15 ml tubes. Between eight to ten 15 ml centrifuge tubes will be 

required to accommodate the re-suspended material and the rinse from the four 100 

ml centrifuge bottles for each filter. Keep all centrifuge tubes for the same filter in a 

                                                           
3
 PBS (Phosphate Buffered Saline) 
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single Styrofoam stand or rack. At this point, if needed, samples can be stored at 4
o
C 

overnight before continuing the procedure.  

5. Centrifuge the 15 ml centrifuge tubes at 4,400 x g for 30 min.  

6. After the centrifugation, aspirate all but ~1.5 ml of the supernatant from each of the 

15 ml tubes to waste without disturbing the pellets.  

7. Re-suspend the pellets in the remaining supernatant and pool the pellets for each filter 

by transferring the re-suspended material into a single 15 ml tube. Use a single 2 ml 

aliquot of PBS to rinse all of the eight to ten tubes one by one and add the rinse 

material to the single 15 ml tube. Centrifuge at 4,400 x g for 30 min.  

8. Carefully aspirate all but approximately 300 μl of the supernatant above the pellet in 

each of the 15 ml tubes to waste without disturbing the pellets. The sample in each 

15ml tube represents the sample from each 1mds disk filter.  

9. Store the pellets at 4°C for no more than 24 hours/ or a final 300 μl pellets should be 

stored at -20°C for later user of DNA extraction.  

10. Autoclave the supernatant waste.  

 

Step 4: DNA and RNA Extraction   

 DNA and RNA is extracted from 1 ml eluate using a UV transilluminator 

(SYNGENE, Synoptics Ltd., UK), according to the manufacturer‘s instructions. 

 The extracted DNA/RNA should be stored at -80°C until use the next step 5. 

Step 5: LAMP ASSAY    

Equipment and Consumables needed 

 Extracted DNA/RNA Sample 

 Oligonuclotide  

 Master Mix 

 Sterilized tubes for master mix preparation (0.5mL or 1.5mL) 

 Loopamp Reaction Tube 

 dH2O (distilled water) 

  Micropipette (0.5 ~ 10L, 10 ~ 100L, 100 ~ 1,000L) 

 Heat block (Use at 95
o
C) 

 Aluminum rack for cooling tubes 

 Crushed ice and ice box 

 Loopamp Realtime Turbidimeter 

 Centrifuge for microtubes 

 Centrifuge for 8-strip tube 

 Vortex mixer 

Procedure  

Stage 1: Prepare Oligonuclutide  

 Briefly centrifuge each tube before opening to prevent the loss of the pellet 
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 Prepare stock solution of oligos (e.g 100M=100 pmole per l) preferably with a 

sterile buffered solution such as TE (10mM Tris, PH 7.5 to 8.0, 1 mM EDTA). If 

sterile distilled water is used, make sure that the PH is above 7.0 since acidic 

solutions favours oligo depurination and subsequent loss of activity. ( For each 

oligos stock solution preparation refer Table 1) 

 Working solutions might be diluted from the stock solution with sterile, nuclease-

free water to prevent inhibition of enzymatic reactions (e.g PCR) by EDTA. 

 Store the oligos as concentrated stock solution or lyophilized at -20
o
C 

 Avoid frequent freeze-thaw cycles by dividing the stock solution into smaller 

aliquots for long term storage and to prevent accidental contamination 

 Dye-modified oligos are light sensitive and should always be stored in the dark. 

 Re-suspend modified oligos preferably in a slightly basic solution ( i.e TE at PH 

8.0). However, Cy dye modified oligos are best kept at PH 7.0 at -20
o
C 

 Preferably store the modified oligos as dried aliquots at -20
o
C.  

Table 1: Stock solution for each Oligos4 

 Name  Stock solution  

 18S RRNA F3 For a 100M stock solution add 661.151 water or buffer 

18S RRNA B3 For a 100M stock solution add 683.491 water or buffer 

18S RRNA LB For a 100M stock solution add 747.021 water or buffer 

18S RRNA FIP For a 100M stock solution add 173.721 water or buffer 

18S RRNA BIP For a 100M stock solution add 129.151 water or buffer 

   

 IPAH F3 For a 100M stock solution add 629.791 water or buffer 

IPAH B3 For a 100M stock solution add 685.671 water or buffer 

IPAH LF For a 100M stock solution add 662.051 water or buffer 

IPAH LB For a 100M stock solution add 489.611 water or buffer 

IPAH FIP For a 100M stock solution add 78.261 water or buffer 

IPAH BIP For a 100M stock solution add 209.711 water or buffer 

   

 STX2A/B F3 For a 100M stock solution add 640.251 water or buffer 

STX2A/B B3 For a 100M stock solution add 749.51 water or buffer 

STX2A/B LF For a 100M stock solution add 655.121 water or buffer 

STX2A/B FIP For a 100M stock solution add 138.571 water or buffer 

STX2A/B BIP For a 100M stock solution add 118.921 water or buffer 

   

 VP7 F3 For a 100M stock solution add 717.331 water or buffer 

VP7 B3 For a 100M stock solution add 677.791 water or buffer 

VP7 LB For a 100M stock solution add 684.481 water or buffer 

VP7 FIP For a 100M stock solution add 210.361 water or buffer 

VP7 BIP For a 100M stock solution add 74.71 water or buffer 

 

                                                           
4
 According to the manufacture Instruction ( Inqaba Biotechnical Industries) 
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Stage 2: Prepare reaction mixture for LAMP 

The reaction mixture will be prepared on ice containing box to a final volume of 25μl. 

Stage 3: Mixing Reaction Mix with sample solution 

 Distribute the master mix into Loopamp Reaction Tube, depending on the number of 

samples 

 Add 5l of sample solution (DNA/RNA extracted) to the master mix, and the volume 

of the solution should be 25l in a total reaction. Mix the solution well by pipetting or 

tapping the tube with the cap closed and then spin down. Be careful not to cause air-

bubbles when mixing. 

 

Stage 4: Amplification reaction 

 Set the temperature, measurement time, inactivation based on the optimization result of 

each pathogen.  

 Confirm that the temperature has reached 

 Set the prepared reaction tubes and immediately start reaction/Incubate LAMP reaction 

in heat bath  

 Detect positive by naked eye looking for turbidity compared to negative control water 

sample.  

  
Stage 5:  Detection Using U.V Trans-illuminator  

 Detect using a UV transilluminator (SYNGENE, Synoptics Ltd., UK) and photographed, 

and finally the numbers are noted down for all positive samples. 
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ANNEX III: Oligonuclotide Synthesis Report 
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   RECOMMENDATIONS FOR HANDLING AND STORAGE OF OLIGOS 

 

 Lyophilized oligo pellets might become displaced from the bottom of the tube during 
shipment. Briefly centrifuge each tube before opening to prevent the loss of the pellet. 

 Prepare stock solution of oligos (e.g. 100 uM = 100 pmole per ul) preferably with a sterile 
buffered solution such as TE (10 mM Tris, pH 7.5 to 8.0,1 mM EDTA). If sterile distilled water 
used, make sure that the pH is above 7.0 since acidic solutions favours oligo depurination 
and subsequent loss of activity. 

 Working solutions might be diluted from the stock solution with sterile, nuclease-free water 
to prevent inhibition of enzymatic reactions (e.g. PCR) by EDTA. 

 Store the oligos as concentrated stock solution or lyophilized at -20° C. 

 Avoid frequent freeze-thaw cycles by dividing the stock solution into smaller aliquots for 
long term storage and to prevent accidental contamination. 

 Dye-modified oligos are light sensitive and should always be stored in the dark. 

 Resuspend modified oligos preferably in a slightly basic solution (i.e., TE at pH 8.0). 
However, Cy dye modified oligos are best kept at pH 7.0 at -20° C. 

 Preferably store the modified oligos as dried aliquots at -20° C. 
 

                                          PRODUCTS FOR RESEARCH USE ONLY! 
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