
~ 19 ~ 

International Journal of Multidisciplinary Trends 2022; 4(2): 19-24 
 

  
 

E-ISSN: 2709-9369 

P-ISSN: 2709-9350 

www.multisubjectjournal.com 

IJMT 2022; 4(2): 19-24 

Received: 20-04-2022 

Accepted: 27-06-2022 
 

Shobha Mangeshrao Maknikar 

Ph.D. Research Scholar, 

Department of Zoology, Shri 

JJTU, Jhunjhunu, Rajasthan, 

India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Shobha Mangeshrao Maknikar 

Ph.D. Research Scholar, 

Department of Zoology, Shri 

JJTU, Jhunjhunu, Rajasthan, 

India 

 

A review on ingestion of water supplies by pathogenic 

bacteria 

 
Shobha Mangeshrao Maknikar 

 
Abstract 
The pollution of water resources with water-borne pathogens and illnesses that may be contracted as a 

result is a serious problem about water quality all over the globe. Evidenced by a large number of 

recent publications, the growing interest in controlling water-borne pathogens in water resources 

clearly attests to the need for studies that synthesise knowledge from multiple fields covering 

comparative aspects of pathogen contamination, and unify them in a single place in order to present 

and address the problem as a whole. This review paper attempts to develop the first comprehensive 

single source of existing information on pathogen contamination in multiple types of water resources, 

with the goal of providing a broader perspective of pathogen contamination in freshwater (rivers, lakes, 

reservoirs, groundwater) and saline water (estuaries and coastal waters) resources. Specifically, the 

paper focuses on freshwater and saline water resources. In addition, a detailed discussion outlines the 

difficulties that might arise when utilising indicator organisms. The potential effects of water resources 

development on the presence of pathogen contamination and the difficulties that still need to be 

overcome in the fight against pathogen contamination are both highlighted in this article. 
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1. Introduction 
A significant worry about water quality all around the globe is the presence of water-borne 

pathogens in ambient water bodies and the illnesses that may be contracted as a result. 

Because contamination with pathogens is a severe problem in practically all kinds of ambient 

water bodies, awareness of the problem and a knowledge of it are both crucial (U.S. EPA 

2012a). One of the eight goals set for the Millennium Development Plan by the United 

Nations is to improve the quality of the world's water supplies (MDGs). Its goal is to bring 

the percentage of people who do not have access to clean water down by fifty percent by the 

year 2015. (WHO 2011). It is essential to have a solid understanding of how changes in 

weather patterns might possibly have an effect on the amount of pathogens found in water 

resources in light of the overwhelming scientific data that points to climate change (IPCC 

2007). Long-term planning must include the construction of additional water storage 

facilities (i.e. dams) in order to fulfil the anticipated need for water in the production of food, 

the generation of electricity, and the maintenance of ecosystems (World Bank 2010). 

However, these new buildings have the potential to diminish the quality of the water and to 

worsen the threat to public health. 

There are several review papers that are currently available (Bradford et al. 2013; Pachepsky 

and Shelton 2011; Pang 2009; Jin and Flury 2002; John and Rose 2005; Jamieson et al. 

2004; Jamieson et al. 2002; Arnone and Walling 2007; Kay et al. 2007) [8, 50, 2, ], but there is a 

manifest need for additional transdisciplinary studies that assimilate knowledge gained from 

multiple research endeavours studying pathogen contamination and provide a comprehensive 

synops As a result, the objective of this review is to provide a comprehensive analysis of the 

study spectrum of pathogen contamination of water resources and the accompanying issues 

that it brings. We provide a synopsis of the possible health hazards imposed on humans by 

pathogens in water resources by giving information that spans surface water, groundwater, 

fresh water, and salt water. This allows us to evaluate the potential impact that pathogens 

have on human health. In addition, a summary of the influence that the development of water 

resources has had on the contamination of pathogens, as well as future difficulties and 

suggestions, is included. In addition to this, we provide a concise discussion that details the 

water-borne pathogen footprints and possible issues related with the use of indicator 

organisms for the purpose of determining the quality of the water. 
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2. Health Risk  

Numerous epidemics have been attributed to diseases that 

are transmitted by water, such as diarrhoea and 

gastrointestinal illnesses caused by a variety of bacteria, 

viruses, and protozoa (Craun et al. 2006) [20]. Millions of 

people are affected by illnesses that are transmitted via 

water in impoverished nations like those in Africa (Fenwick 

2006). According to the World Health Organization (WHO), 

water-related illnesses claim the lives of 3.4 million people 

every year, the majority of whom are children (WHO 2014). 

According to an estimate provided by the United Nations 

Children's Fund (UNICEF), the use of tainted water causes 

the deaths of four thousand children every single day 

(UNICEF 2014). According to the World Health 

Organization (2010), over 2.6 billion people do not have 

access to clean water. This lack of access results in around 

2.2 million fatalities per year, of which 1.4 million are in 

children. The burden of illness throughout the globe might 

be reduced by around 4 percent if water quality were 

improved (WHO 2010). 

Although water-related disorders are more common in 

underdeveloped nations, industrialised countries face a 

significant obstacle in the form of this global health problem 

as well. Arnone and Walling (2007) [2] conducted a research 

in which they collated data on outbreaks that occurred in the 

United States between the years 1986 and 2000. They found 

that recreational water was connected with 5,905 cases and 

95 outbreaks. About 29.53 percent of cases were caused by 

gastrointestinal illness (GI), which is an illness that may be 

caused by a wide range of microorganisms and germs and 

that can result in symptoms such as diarrhoea, nausea, 

vomiting, fever, and abdominal discomfort. The Shigella 

spp. bacteria were responsible for more than 27 percent of 

the cases. In addition, Cryptosporidium parvum was 

responsible for 10.99 percent of the cases, while Adenovirus 

3 was responsible for 10.08 percent, and Leptospira was 

responsible for 6.59 percent of the cases. GI was responsible 

with over 23 percent of the outbreaks, while Shigella spp 

was responsible for nearly 21 percent of the outbreaks. In 

addition, Naegleria fowleri was responsible for 16.84 

percent of the outbreaks, while E. coli 0157:H7 was 

responsible for 12.63 percent, and Schistosoma spp. was 

responsible for 7.37 percent of the outbreaks. In addition to 

severe gastroenteritis, other significant etiological agents 

responsible for numerous outbreaks include Giarida, 

Cryptosporidium, E. coli 0157:H7, V. cholera, and 

Salmonella (Craun et al. 2006) [20]. During the same time 

period, polluted drinking water was the source of 437,082 

cases and 48 outbreaks. Approximately 95.89 percent of the 

cases were caused by Cryptosporidium parvum. Giardia 

lamblia was responsible for around 42 percent of the 

outbreaks, whereas GI was responsible for approximately 31 

percent of the outbreaks. According to data on water-borne 

outbreaks in the United States that were reported by Craun 

et al. (2006) [20], at least 1870 outbreaks occurred in the 

United States between the years 1920 and 2002, which is an 

average of 23 outbreaks per year. As a result of unreported 

cases and a lack of information about exposure, it is very 

probable that the reported outbreaks and the reported 

frequency of diseases represent an underestimate of the true 

number of cases and illnesses. The National Primary 

Drinking Water Regulations (NPDWRs) of the United 

States Environmental Protection Agency (EPA) contain 

standards that describe the Maximum Contaminant Level 

(MCL), which is the highest level of a contaminate that is 

permissible in drinking water. These standards are intended 

to protect public health. The Maximum Contaminant Level 

(MCL) for a variety of bacteria and viruses, including 

Cryptosporidium, Giardia lamblia, Legionella, and Total 

Coliforms (including faecal coliform and E. coli), has been 

established by the United States Environmental Protection 

Agency (EPA) (U.S. EPA 2012b). The Maximum 

Contaminant Threshold Goal (MCLG) has also been 

suggested by the United States Environmental Protection 

Agency (EPA). This is the level of a contaminant in 

drinking water below which there is no known harm to 

human health. The Minimum Contaminant Lethal 

Concentration (MCLC) values for Cryptosporidium, Giardia 

lambda, Legionella, and Total Coliforms are all at zero. The 

Environmental Protection Agency (EPA) mandates that 

Cryptosporidium be removed from drinking water at a rate 

of 99 percent, whereas the rates of removal for Giardia 

lamblia and viruses are 99.9 and 99.99 percent, respectively. 

Even though there is no set limit for Legionella, the 

Environmental Protection Agency (EPA) thinks that 

drinking water will likely be free of Legionella if Giardia 

lamblia and viruses are eliminated or rendered inactive first. 

The Environmental Protection Agency (EPA) in the United 

States mandates that regular samples of drinking water be 

taken in order to test for total coliform and E. coli; in the 

event that a routine sample returns positive results, further 

samples must be taken. A severe violation of the MCL has 

occurred in the drinking water supply if any sample taken 

more than once reveals the presence of total coliform or E. 

coli. If a drinking water system collects less than forty 

routine tests per month, the maximum number of positive 

total coliform samples that may be found in a given month 

is one. It is permissible to have no more than 5 percent of all 

samples tested positive for coliform bacteria in a given 

month for a system that gathers more than 40 regular 

samples (U.S. EPA 2012b). In the United States, there are 

roughly 42,000 new cases of salmonellosis recorded each 

year (CDC 2014) [14]. Schistosomiasis is not a problem in 

the United States since it is not an endemic disease; 

nonetheless, there are about 200 million individuals affected 

across the globe. In 2011, around 1,060 instances of Guinea 

worm illness, which is caused by the parasite Dracunculus 

medinensis and was recorded in many isolated areas of 

Africa that do not have access to clean drinking water, were 

reported. Malaria, which is caused by a protozoal illness of 

the genus Plasmodium and is spread by mosquitoes that 

spawn in water that is polluted, affects 300–500 million 

people and is responsible for the deaths of over one million 

people every year (more than 90 percent of deaths in 

Africa). In general, the illness and death rates caused by 

polluted water are quite high, and they need to be brought 

under control by increasing the availability of clean water 

(this includes recreational water as well as drinking water) 

in both developing nations and developed ones. 

 

3. Historical perspective of water-borne diseases  

As early as 500–400 B.C., an Indian literature written in 

Sanskrit has descriptions of water-borne illnesses that are 

similar to cholera. These diseases are mentioned in the 

Sushruta Samshita, which was published in India (Colwell 

1996) [20]. Vibrio cholera continues to infect millions of 

people each year in impoverished nations, despite the fact 

that cholera cases have not been recorded in affluent 
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countries in recent years, mostly as a result of improvements 

in sanitation (Nelson et al. 2009) [29]. Every year, cholera is 

responsible for around 3–5 million cases and 10,000–

120,000 fatalities, the majority of which occur in 

underdeveloped nations. These statistics are reported by the 

World Health Organization. Over the course of history, 

cholera has been responsible for the deaths of millions of 

people in both underdeveloped nations and industrialised 

ones (Colwell 1996; Okun 1996) [20]. For instance, in the 

year 1849, London was said to have seen a significant 

epidemic of cholera. Dr. John Snow, who served as a 

physician to Queen Victoria, established a connection 

between the spread of cholera and the use of water that was 

tainted (Snow 1854; Colwell 1996) [20]. Excellent 

assessments on events that occurred in the early 19th 

century may be found in the works of Jordan et al. (1904), 

Ruediger (1911), Simons et al. (1922), and Rudolfs et al. 

(1950). According to Colwell (1996) [20], the cholera was 

responsible for the deaths of millions of people all across 

the globe in the middle and late 18th century. Following the 

disastrous earthquake that struck the capital and surrounding 

parts of Haiti, the country had the greatest epidemic in 

recent memory. There were approximately half a million 

cases, and thousands of people lost their lives as a result of 

the outbreak (CDC 2011) [13]. 

 

4. Water-borne pathogen footprints and challenges  

It is standard practise to utilise indicator species in order to 

evaluate the prevalence of water-borne pathogens in water 

resources, often known as the water-borne pathogen 

footprints of water resources. A popular strategy for 

measuring the possible pathogen burdens in ambient water 

bodies is to monitor the amounts of indicator organisms 

(such as faecal coliforms, E. coli) as shown in Figure 1. In 

rivers, lakes, estuaries, and coastal waterways, public health 

authorities and scientists have been counting the number of 

faecal coliforms and E. coli bacteria for many decades now 

in order to assess the water's quality (Malakoff 2002; 

Pandey et al. 2012a; Pandey et al. 2012b; Pandey and 

Soupir 2013). However, there is a great deal of controversy 

around the indicator species that are currently in use and 

their capacity to accurately indicate the possible presence of 

dangerous bacteria. In addition, it might be difficult to 

determine the origin of infections (for example, human 

waste, animal waste, the excrement of wild animals, and the 

droppings of waterfowl) (Figure 2). (Malakoff 2002; 

Dickerson et al. 2007) [26]. There is a possibility that 

microbial source tracing (MST), a method that is considered 

to be relatively new, might be used to trace the origin of 

faecal coliform (Scott et al. 2002; Grave et al. 2007; 

Dickerson et al. 2007; Ibekwe et al. 2011; Ma et al. 2014) 
[47, 26, ]. In the past, antibiotic resistance testing used the MST 

approach to evaluate cattle's effect on water quality on a 

watershed scale. This was done using a scale that was 

equivalent to a watershed (Grave et al. 2007) [47]. The 

authors proposed that host-origin libraries, which are 

determined using a phenotypic technique, are an effective 

means of tracing the origins of the pathogens. A large 

number of MST approaches, on the other hand, are 

predicated on the hypothesis that some bacterial strains are 

confined to a specific animal species or group of animals. 

When it comes to the most frequent kind of faecal bacteria, 

E. coli, this notion is open to some debate (Malakoff 2002). 

Because of this, one must use extreme care when employing 

E. coli for source tracing (Gordon 2001) [45]. In addition, the 

cost of developing libraries, implementing extensive 

sampling programmes that are required for verifying the 

MST method, and calculating uncertainties associated with 

the method are all legitimate concerns that need to be 

addressed before the MST method can be utilized on a 

watershed scale. 

 

 
 

Fig 1: Transmission electron micrograph of E. coli 

 

5. Pathogen contamination in water resources  

It is estimated by the United States Environmental 

Protection Agency (EPA), which is responsible for 

monitoring the water quality of a variety of ambient water 

bodies, that pathogens pollute more than 480,000 kilometres 

(km) of rivers and shorelines as well as 2 million hectares 

(ha) of lakes in the United States (U.S. Environmental 

Protection Agency 2010a). Estimates provided by the EPA 

indicate that pathogens are the primary factor responsible 

for the impairment of waterways that are included on the 

303(d) list (i.e., the list of impaired and endangered waters 

that the Clean Water Act requires each state to submit for 

EPA approval) (Figure 3). (U.S. EPA 2014a, 2014b, 2014c). 

Figure 3 presents the top five causes of impairment, which 

have been reported out of a total of 71,917 causes of 

impairment that have been reported. The contamination with 

pathogens is, without a doubt, the most common cause of 

impairment (U.S. EPA 2014a, 2014b, 2014c). 

Recent research on water-borne pathogen transport has been 

reviewed by Diffey (1991) [27], Brookes et al. (2004) [9], 

Jamieson et al. (2004), Gerba and Smith (2005) [43], Gerba 

and McLeod (1976) [42], Hipsey et al. (2008), and Pachepsky 

and Shelton (2011) [50]. These reviews focused on 

freshwater and estuarine sediments in particular. In addition, 

many recent reviews concentrate on particular facets of 

water resources. For example, John and Rose (2005) 

reviewed groundwater; Brookes et al. (2004) [9] reviewed 

reservoirs and lakes; Jamieson et al. (2004) reviewed 

agricultural watersheds; and Kay et al. (2007) reviewed 

catchment microbial dynamics. All of these reviews can be 

found in the current literature. For the purpose of 

understanding how water-borne diseases might possibly 

damage public health and a variety of ambient water bodies, 

the review research that is given here takes an approach that 

is considerably more comprehensive. In addition, the 
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difficulties that currently exist when evaluating the presence 

of pathogens in water supplies are explored. 

 

6. Ground water  

Groundwater is the principal source of household drinking 

water supplies in many parts of the globe, and the presence 

of contaminants in groundwater unquestionably raises the 

danger to the general population's health. Groundwater 

contributes to the production of forty percent of the United 

States' domestic water supply, and more than forty million 

Americans get their drinking water from private wells that 

tap into groundwater sources (Alley et al. 1999) [1]. The 

pollution of groundwater by pathogens has caused a large 

number of disease outbreaks in the United States; for 

instance, at least 46 outbreaks of disease occurred in the 

United States between the years 1992 and 1999, which 

resulted in 2,739 instances of sickness and many fatalities 

(John and Rose 2005). These are the cases that have been 

reported; the actual morbidity is almost certainly going to be 

higher due to underdiagnosis and underreporting. 

In groundwater, microbial pathogens including Salmonella, 

E. coli, S. faecalis, and enteroviruses have been proven to be 

rather stable in many investigations (Bittion et al. 1983; 

Schijven and Hassanizadeh 2000; Pang et al. 2004). 

Controlling the contamination of groundwater by pathogens 

has been a priority in many nations in recent years due to 

the fact that germs may live for up to 400 days, depending 

on the temperature of the soil (Nevecherya et al. 2005; Filip 

and Demnerova 2009) [39]. For instance, France has placed a 

large emphasis on locating the origins of pathogen 

contamination in groundwater in recent years (Grisey et al. 

2010) [49]. According to the findings of a number of research 

(Ferguson et al. 2003; Kay et al. 2007; Kay et al. 2008) [38], 

the dangers to human health posed by chlorine-resistant 

protozoans, such as Cryptosporidium spp., are significant. 

The potential for pathogen contamination of groundwater by 

wetlands that do not have lining is one of the most 

significant issues (Kay et al. 2007). Water officials in the 

United Kingdom have voiced worries that are similar to 

those in the United States. The European Union (EU) has 

also placed an emphasis on the need of preventing the 

pollution of groundwater by pathogens. Groundwater that is 

infected with pathogens has the potential to pollute coastal 

habitats. For example, a study of Buttermilk Bay has shown 

that groundwater is capable of transporting a large quantity 

of pathogens from surface to sub-surface water either by 

direct discharge or by discharge to rivers flowing into the 

bay (Moog 1987; Weiskel et al. 1996). In regions where 

shallow aquifers are present, there is an especially elevated 

potential for the contamination of groundwater. In these 

kinds of circumstances, the possibility of polluted surface 

water or water from septic tanks seeping into the 

groundwater is increased (Weiskel et al. 1996). Due to the 

fact that precipitation events allow polluted ground water to 

be recharged, the likelihood of groundwater pathogen 

contamination being increased is high. 

 

7. Conclusion  

This review takes a look at research from a variety of fields 

to get a better understanding of the presence of pathogens in 

ambient water bodies. The widespread occurrence of 

pathogen contamination is a major cause for worry, and it is 

essential that we get a better knowledge of the key pathogen 

sources as well as the considerable consequences these 

sources have on water resources. There have been a 

significant number of studies on the contamination caused 

by pathogens that have been carried out in a laboratory 

setting; however, field-scale research should be given more 

priority in order to improve our understanding of the ways 

in which pathogens interact with their surroundings. It is 

anticipated that the assessment of pathogen contamination 

on a watershed scale will be aided by the creation of new 

models, as well as the improvement of current modelling 

tools that are often employed for forecasting levels of water-

borne pathogens. Because the currently available models 

only have a limited capacity to forecast pathogen 

contamination, there is a pressing need for both the 

improvement and creation of new models in order to 

achieve a greater degree of precision in the prediction of 

pathogen levels. The integration of knowledge from a 

variety of disciplines, such as hydrology, microbiology, and 

ecology, would lead to a greater understanding of the levels 

of pollution as well as the potential causes of pollution, and 

it would also help in the development of long-term 

strategies for improving water quality. 
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