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Abstract

Waterborne diseases remain a major global public health issue and a great
environmental concern and the outbreak is common in African countries.
Illness due to waterborne diseases causes morbidity and mortality in less de-
veloped countries among children aged below 5 years. This study was aimed
at reviewing literature on past and present studies on waterborne diseases, the
risk factors as well as the intervention practices. The unavailability of piped
water and dependence of rural dwellers on surface waters which are often
contaminated with fecal materials are the major causes of the rising preva-
lence of waterborne diseases. Poor hygienic practices have also been found to
play significant role in the spread of waterborne diseases. Besides, poor envi-
ronmental practices such as lack of sanitation facilities encourages spread of
liquid and solid wastes within residential areas contributing to the increasing
waterborne illness. Improvements in drinking water, sanitation facilities and
hygiene practices in less developed countries have been suggested by many
studies as key interventions to reduce waterborne diseases.
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1. Introduction

Water is important to human life and public health. However, much of the world’s
population lacks access to adequate and safe drinking water. Currently, water
scarcity is a global challenge that affects more than 40% of the total global popu-

lation [1]. In addition, it is estimated that around 3 billion people will not have
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access to fresh water by 2025 and will be living in a water stressed environment
[2]. As a result, water-related diseases and deaths continue to be a global burden
in both developed and developing countries. Though most cases are reported in
less developed countries, developed countries also experience waterborne dis-
eases outbreaks [3] [4] [5].

Waterborne diseases are caused by drinking water mostly contaminated by
human or animal excrement which contain pathogenic micro-organisms. Glo-
bally, waterborne diarrhea illness is leading among diseases that cause mortality
and morbidity, killing 1.8 million people and causing approximately 4 billion
cases of illness annually [6]. Moreover, in less developed countries waterborne
diarrhea continues to be a leading cause of death and illness among children
with 90% of diarrhoeal deaths being borne by children under five years [7]. Poor
sanitation, inadequate safe drinking water and poor hygiene practices are major
attributable factors to waterborne diseases occurrence, [8] [9] [10] [11]. Besides,
WHO estimates that, 6.3% of all deaths are caused by limited access to safe
drinking water, improved sanitation facilities and hygiene practices as well as
water management that reduce transmission of waterborne illness [12]. Accord-
ing to [7], 780 million of the total global population do not have access to safe
water, and an estimated 2.5 billion people in developing world live without
access to adequate sanitation. However, supply of clean drinking water is one of
the main challenges facing most of the African countries today [13].

In Africa, it is estimated that only 22% of the population has adequate sanita-
tion facilities [14]. Additionally, 28% of the population of sub-Saharan Africa
defecates in the open and an additional 23% use “unimproved” sanitation facili-
ties that do not ensure hygienic separation of human excreta from human con-
tact, [15]. Moreover, even where clean water and flush toilets are available in
Africa, lack of hygiene awareness continues to result in outbreaks of water re-
lated diseases. In the Kenyan context, waterborne diarrhea diseases have been
reported to be among the major public health problems. This is mostly asso-
ciated with poor environmental sanitation, poor hygiene practices as well as
poor supply of safe and clean drinking water [16]. Water predicament remains
very critical in Kenya and the country has been classified among the water scarce
countries in the world with only 647 m?® per capita against 1000 m® standard
global benchmark [17]. Additionally, according to Ministry of water and Irriga-
tion report (2012), 50% of the Kenya’s households did not have access to safe
drinking water and the proportion for the poor households was higher, [18].
Most of the Kenyan rural populations obtain their water supplies from unpro-
tected sources, underground water, streams, spring wells, ponds and lakes [19]
making them frequently subjected to diarrhea diseases.

Consequently, better understanding of waterborne disease occurrence can
perhaps help reduce associated morbidity and mortality rates. As a result, the
main aim of this study was to conduct a systematic review on occurrence and
burden of waterborne diseases. The broad objective of this study was to review

present and past researches on waterborne diseases and most importantly the
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contributing factors for waterborne diseases as well as the intervention practices.
Therefore, the present study gives the detailed information on the empirical stu-
dies of the past and present waterborne diarrhoeal diseases. The review gives the
relevant information to understand the burden of waterborne diseases in both
developed and developing countries, waterborne disease contributable risk fac-
tors, information on waterborne prevention practices and finally identifying po-

tential gaps in studies on waterborne diseases.

2. Methodology

Relevant articles and reports were identified by using international databases in-
cluding Google scholar, PubMed, Web of Science, China National Knowledge
Infrastructure and Science Direct. Search key terms included: Water borne dis-
eases, risk factors and intervention practices. Journal articles and reports were
limited from 2005 to 2020. Sixty-one reports and journal articles reporting the
water borne diseases, associated contributing factors and intervention practices

and that met inclusion criteria were included in this review.

3. Research Findings

3.1. Classification of Water Related Diseases

Water related diseases are due to water associated pathogens. They are also ill-
ness related to water shortage or water contamination during adverse climate
events, such as floods and droughts, and diseases related to vectors with part of
their life cycle in water habitats, [20]. Water diseases are illnesses resulting from
direct drinking water indirect exposure of the skin to contaminated water. Fun-
damentally, water related diseases are classified into four main classes: Water-
borne diseases, Water-washed diseases, Water-based diseases and Insect vector

diseases.

3.1.1. Water-Borne Diseases

Waterborne diseases are those diseases that are transmitted through the direct
drinking of contaminated water with human or animal excreta [21]. Contami-
nated drinking water when used in the preparation of food can be the source of
food borne disease through consumption of the same microorganisms. Most
waterborne diseases are characterized by diarrhoea, which involves excessive
stooling, often resulting to dehydration and possibly death. According to [21]
approximately 4 billion cases of diarrhoea reported each year cause at least 1.8
million deaths with 90% of the cases being children under the age of five years.
These deaths represent approximately 4% of all deaths, and 18% of children un-
der-five years’ deaths in developing countries, diarrheal disease accounts for an
estimated 4.1% of the total daily global burden of disease and is responsible for
the deaths of 1.8 million people every year and mostly concentrated on children
below 5 years in developing countries.

Most waterborne diseases are often transmitted via the fecal-oral route, and
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this occurs when human fecal material is ingested through drinking contami-
nated water or eating contaminated food which mainly arises from poor sewage
management and improper sanitation. In rural African regions, fecal contami-
nation of water arises from runoffs from nearby bushes and forest which serve as
defecation sites for rural dwellers. Waterborne disease can be caused by proto-
zoa, viruses, bacteria, and intestinal parasites [21]. Some of the organisms re-
markable for their role in the outbreak of waterborne disease as shown in Table
1 below include Cholera, Amoebic dysentery, Bacillary dysentery, Cryptospori-
diosis, Typhoid, Giardiasis, Paratyphoid, Balantidiasis, Salmonellosis, Campylo-
bacter enteritis, Rotavirus diarrhea, E. coli diarrhea, Hepatitis A, Leptospirosis

and Poliomyelitis, [22].

3.1.2. Water-Washed Diseases

Water washed diseases are those diseases which thrive in conditions with fresh-
water scarcity and poor sanitation. Control of water-washed diseases depends
more on the quantity of water rather than the quality [21]. Some of the examples
of water washed diseases as in Table 1 are; Scabies, Typhus, Yaws, Relapsing
fever, Impetigo, Trachoma, and Skin ulcers. Washing and improved personal
hygiene play an important role in preventing water-washed disease transmission
[21].

3.1.3. Water-Based Diseases
Water-based diseases are infections caused by spread of organisms that develop

in water and become human parasites. Water-based disease are also infections

Table 1. Classification of water related diseases.

Class Route Cause Disease

Cholera, Amoebic dysentery, Bacillary
dysentery (shigellosis),
Cryptosporidiosis, Typhoid,
Drinking contaminated Giardiasis, Paratyphoid, Balantidiasis,
Water-borne R o
water Salmonellosis, Campylobacter enteritis,
Rotavirus diarrhoea, E. coli diarrhoea,
Hepatitis A, Leptospirosis and
Poliomyelitis [21] [22] [24].

Scabies, Typhus, Yaws, Relapsin.
Lack of clean water for YP. psing
Water-Washed . fever, Impetigo, Trachoma,
washing. i s K
Conjunctivitis and Skin ulcers.

Host organisms that . L. L
Schistosomiasis, Dracunculiasis,

Water-Based develop to human o .
. Paragonimiasis and Clonorchiasis.
parasites.
Mosquito-borne diseases; Malaria,
Yellow fever, Dengue fever, Filariasis and
Organisms that need Fly-borne diseases; Onchocerciasis

Insect-Vector
water to breed. (river-blindness), Trypanosomiasis

(West African sleeping sickness),
Leishmaniosis (Kala-azar), Loiasis, [21]

DOI: 10.4236/0alib.1107401

4 Open Access Library Journal


https://doi.org/10.4236/oalib.1107401

W. M. Manetu, A. M. Karanja

caused by parasitic pathogens found in aquatic host organisms [21]. These host
organisms mostly include; snail, fish, or other aquatic animal. Humans usually
become infected by ingesting the infective forms or through skin penetration.
Examples of water based diseases include Schistosomiasis, Dracunculiasis, Para-
gonimiasis and Clonorchiasis, (Table 1). These diseases can be prevented through
avoiding contact with contaminated water or use of protective clothing or bar-

rier creams.

3.1.4. Insect-Vector Diseases

These are diseases which are not directly related to drinking water. They are
those diseases that are caused by insect vectors such as mosquitoes and flies
which needs water to breed [21]. Humans beings become infected by being bit-
ten by these insect vectors. However, consideration of vector control during the
design, construction and operation of surface water reservoirs and canals can
reduce the potential for water related disease transmission. Prevalence of water
related diseases are high in tropical Africa as a result of poor environmental
management and sanitation. Drainages are often waterlogged, hence constitut-
ing breeding sites for these insect vectors. Malaria is one of the water related
diseases endemic with an estimated 212 million cases of malaria reported glo-
bally. Most of the cases reported in 2015 were in African Region (90%), followed
by South-East Asia Region (7%) and Eastern Mediterranean Region (2%) [23].

3.2. Waterborne Disease Contributing Factors

Waterborne diseases outbreaks increase where standards of water, sanitation and
personal hygiene are low [25]. According to [26], waterborne diseases are highly
attributable to lack of clean and safe drinking water, poor sanitation and hygiene
practices. Additionally, research indicates that more than half of acute illnesses
are attributable to water, sanitation and hygiene-related across all age groups.
Water related diseases are commonly reported in low-income countries as pro-
vision of safe water, sanitation and hygiene is sub-optimal as compared to de-
veloped countries which has more water resources. As well, even with more re-
sources in developed countries, pumps, pipes and purification facilities could fail
leaving people susceptible to waterborne diseases.

Several studies have revealed the significance of water quality, sanitation and
hygiene in explaining the occurrence of waterborne diseases. For instance, in a
study that was done in Ile-Ife, Nigeria in an attempt to assess and map the inci-
dence factors responsible for the spread of water borne diseases [27] found that,
most of the reported cases of water borne diseases were due to environmental
factors such as poor environmental sanitation, indiscriminate waste disposal, ef-
fect of age-long communal crisis, low topography and swamps that led to high
microbial growth, water hardness and high pH of the wells and borehole water
in the area. According to [11], endemic pattern of diarrhea in Mexico City re-
flected mostly inadequate housing, sanitation, and water-related practices.

Similar findings on poor hygiene practices have been reported in Mbeere
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County, Kenya [9] where waterborne diseases infections and those who washed
vegetables and fruits before cooking were strongly correlated. According to [10]
there was a high prevalence of waterborne diseases in Nakaloke sub-County,
Uganda there was association between poor sanitation and hygienic conditions
that included poor siting of sanitary facilities and closeness of pit latrines near
water sources. Eating food out after school hours is another poor hygiene prac-
tice which was found to cause waterborne diseases in a study conducted among
male schoolchildren in Jedida city in Saudi Arabia [28]. The explanation if this
being that they consumed food from outside kiosks which was probably cooked
by contaminated water. The same study also points out the effects of sanitation
as a key factor to waterborne diseases. Sewage spillage were found to highly sus-
ceptible to waterborne diseases due to contamination of their available water re-

sources.

3.3. Waterborne Disease Prevention Practices

World Health Organization (2007) estimates that 94% of waterborne diarrhoeal
cases are preventable through changes to the environment which includes inter-
ventions to increase the availability of clean water for drinking and to improve
sanitation and hygiene practices. In addition, a 2005 systematic review con-
cluded that diarrhoeal episodes are reduced by 25% through improving water
supply, 32% by improving sanitation, 45% through hand washing, and by 39%
via household water treatment and safe storage [29]. Other interventions to re-
duce waterborne diseases are improvements in drinking water, hygiene practices
and sanitation facilities and in less developed countries.

For instance; A study that was conducted on preventing diarrhoeal occurrence
in a high-risk rural Kenyan population through point-of-use chlorination, safe
water storage and rainwater harvesting found that chlorinating stored water
used for drinking to improve its quality and use of narrow mouthed and covered
containers to prevent stored water from contamination all decreased diarrhoeal
risk to the population and encouraged good health, [30]. Similar findings in Bo-
livia and Bangladesh [31] [32] [33] found that improving water quality through
chlorine disinfection and storage in an appropriate container significantly im-
proved the microbiological quality of non-piped household drinking water and
reduced the risk of waterborne diarrhoeal diseases.

Poor hygiene practices can encourage waterborne illnesses. According to
Al-Ghamdi ef al (2009) children who washed and never dried up their hand or
used reusable cloths or sponges to dry dishes before eating had high risks to di-
arrhea diseases in Jeddah City, Saudi Arabia [28]. Consequently, improving on
hygiene behavior can reduce the chances of conducting illness. Benefits of hy-
giene improvement on reduction of waterborne diseases is reported in a study
which was done in Bamendankwe Municipality-North West Cameroon found
that majority of people affected by water borne disease were those who didn’t

not practice regular hand washing before eating food [34]. According to Brooks
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et al, (2003), promoting handwashing after defecation was protective and re-
duced the burden of illness from bloody diarrhea while limiting injudicious an-
timicrobial use in Kenya, [35].

Sanitation interventions have been found necessary in preventing waterborne
diseases occurrence. Sanitation facilities such as latrines, toilets effective drai-
nage are crucial in separation of human fecal or other wastes which can conta-
minate water used by humans for drinking if not well managed. A study on spa-
tial analysis of factors Responsible for Incidence of Water Borne Diseases in
Ile-Ife, Nigeria found that most cases that were reported from water borne dis-
eases were due to factors like poor sanitation; where majority of the residents
with illness were using open-pit toilets and were living near market center where
large wastes were generated and improperly disposed in the nearby stream, [27].
According to Brooks ef al (2003) and Garrett et al, (2008) presence of latrines in
a household was found to decrease diarrhea risk in Kenya. This is because the
presence of a latrine ensures no open defecation which can contaminate water
from open sources like river during run off hence reducing waterborne diseases

infection.

4. Conclusions

The importance of water to man cannot be over emphasized, however its role as
vehicle in the transmission of pathogenic organisms has become a source of
concern and fear as he cautiously scrutinizes every drop of water before con-
sumption. Unfortunately, the cost of safe drinking is high and only few people
can afford while majority rely on the available water sources irrespective of their
physical, chemical and biological state. As a result, water related diseases have
taken over other diseases and have been one of the leading causes of death and
illness globally. The diseases have been reported to affect children under 5 years.
However, the analysis of water borne diseases and their risk factors has become
an evolving art which requires some sought of professionalism. Most of the stu-
dies on waterborne diseases in developing countries [9] [10] [36] [37] have been
carried out and most of them so far have focused solely on the risk factors that
cause the diseases and characteristics of the individuals affected. Although such
studies are very crucial in understanding the effects of water borne diseases, they
omit the spatial-temporal variations and regional considerations of the critical
risk factors. Additionally, such studies also fail to delineate territories at high
and low risk of the disease which is usually very useful to health officials. Health
levels vary substantially from one region to another and it is therefore necessary
to characterize these regional variations and identify areas with an accumulation
of health problems for epidemiological research, and to allow appropriate public
health policy decisions [38].

Advances in Geographical Information Systems (GIS) technology provide new
opportunities for environmental epidemiologist to study and understand the re-

lationships between environmental and socio-economic factors and the spatial
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distribution of diseases [39] [40]. For instance, GIS techniques have been em-
ployed in the investigation and monitoring of waterborne diseases [41] [42],
vector-borne diseases [43] [44] and in environmental health [45] [46]. Accord-
ing to ESRI (2012), GIS modelling techniques provide, efficient, fast and easier
to use functions which enable integration of various data sources, their harmo-
nization and combined analysis towards achieving a particular objective, [47].
The benefit of using GIS for analysis of waterborne disease occurrence is that it
helps in the initial identification of the main cause, visualization and analyzes
the spatial relationship between various factors explaining a certain dependent
phenomenon. Validating it with actual statistical data gives confidence in its ap-
plication as well as a platform for presenting the results from geographical data

analysis.
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