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Research article
Ερευνητικό άρθρο

ABSTRACT: The purpose of this review is to demonstrate the importance of monitoring microbiological quality in 
water for animals and humans, which relies primarily on coliforms, mostlyEscherichia coli.Fecal coliforms, such as 
E. coli, are more specific indicators of fecal pollution.A fecal contamination detection can be performed not just in 
drinking water, but also in the environment.As a result of improved detection methods for E. coli, the drinking water 
is becoming more reliable as a result of the use of E. coli as an indicator of fecal pollution.The drinking water con-
tamination by feces is currently best detected by E. coli.Accordingly, temperate environments are more likely to have 
fecal coliforms than the tropical environments, the human and animal feces have high levels of E. coli in comparison 
to other fecal coliforms, and E. coli detection methods are more affordable, fast, sensitive, specific, and easy to use 
than the other fecal coliforms.
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INTRODUCTION

To sustain life, the water is an essential natural re-
source (George et al., 2018; Ochilova et al., 2021; 

Zafar et al., 2019) .Providing fresh, clean water plays 
a key role not only in the economic development and 
welfare, but also in the production of food, reducing 
poverty, and improving health (Cosgrove & Loucks, 
2015; Tallis et al., 2008) .Nevertheless, 1.1 billion 
people worldwide lack access to safe drinking water, 
and approximately 400 children under the age of five 
die every hour as a result of biological contamina-
tion of the drinking water (Lea, 2014) .The fluids in 
the body, such as blood and lymph, are maintained 
at normal volume and consistency by water. Water 
also regulates body temperature, removes poisons 
through urine, sweat, and breathing, and regulates 
the structure and functions of the skin (Odonkor & 
Ampofo, 2013) .Each day, the body of an animal or 
human loses several litresof water.Therefore, both an-
imals and humans must drink at least theequivalent 
amount of quality water every day to replenish this 
volume (Asano & Cotruvo, 2004) .Recent years have 
seen a rapid increase in the demand for clean drinking 
water in the developing countries with deteriorating 
environments (Luo et al., 2022) .Most communities 
in some countries do not have access to piped wa-
ter, and both the quantity and quality of public water 
supply are inadequate (Hunter et al., 2010) .There are 
only 40% of urban residents with direct access to pip-
ing water.Overall, only 10.3 million people have ac-
cess to improved water supplies (Shamsudduha et al., 
2020) .It is common for people without access to safe 
water, or those who have access but cannot afford it, 
to use other sources of water with questionable qual-
itysuch as wastewater (de Llanos et al., 2022; Puvača 
et al., 2021) .

A growing concern among consumers, water sup-
pliers, regulatory agencies, and public health author-
ities is the microbiological quality of drinking water 
(Olaoye & Onilude, 2009) .Various levels of econom-
ic development have documented the risk of drinking 
water carrying microbial pathogens, causing subse-
quent illnesses in animals and humans.A majority of 
sporadic cases of waterborne intestinal illness will not 
show any signs of detection, or if they do, they may 
not be identified as such.Waterborne diseases have 
been estimated by several researchers worldwide 
(Almeria et al., 2021; Cann et al., 2013; Hennebique 
et al., 2019; Hunter et al., 2001; Leclerc et al., 2002; 
Semenza, 2020) .Intestinal infections caused by wa-
terborne diseases account for about one-third of all in-

testinal infections worldwide, whilewater, sanitation, 
and hygiene are responsible for 40% of all deaths and 
5.7% of all diseases (Malhotra et al., 2015) .There 
is a risk of waterborne disease associated with fecal 
contamination from humans, food animals, and wild 
animals (Sinton et al., 1998) . Human fecal waste is 
generally associated with the greatest risk.The pres-
ence of pathogenic agents in water cannot be routine-
ly monitored due to the wide spectrum of the present 
pathogenic agents.The microorganisms of fecal origin 
have traditionally been checked for in drinking water 
to confirm the microbial safety (Leclerc & Moreau, 
2002) .Several recorded outbreaks of the piped drink-
ing water-related diseases are connectedto the quality 
changes in distribution, based on the evidence relat-
ing to the frequency and extent of the known quality 
changes (Ahmed et al., 2016; Cann et al., 2013) .The 
water distribution systems play a crucial role in the 
quality and safety of the drinking water (Horvat et al., 
2021) .There must be a high level of microbiological 
safety in the water entering the distribution system, 
as well as a high level of biological stability.When 
water is transported from the treatment plant to the 
user, it must be protected from contamination after the 
treatment.

Based on all mentioned above the aim of this re-
view is to demonstrate the importance of monitoring 
the microbiological quality in water for animals and 
humans, which relies primarily on coliforms, E. coli.

PAST AND BASIS OF COLIFORMS AS INDICA-
TORSOF WATER CONTAMINATIONS 

Klebsiella pneumonia and K. rhinoscleromatis, 
microorganisms characteristic of human feces, were 
described by Von Fritsch in 1880 as the indicators 
of the water quality.Later,Robert Koch’s solid gela-
tin media were used by Percy and Grace Frankland 
to count bacteria in water for the first time in 1885 
in London (Cabral, 2010) .Bacillus coli was also de-
scribed and renamed Escherichia coli by Escherich 
in the same year (Friedmann, 2006) .To provide the 
evidence of the potentially dangerous pollution, the 
Franklands proposed that organisms characteristic of 
the sewage must be identified.Using the concept of 
acid from lactose as a diagnostic feature, the Wurtz 
method of enumerating E. coli in water samples us-
ing litmus lactose agar was in use by 1893 (Mishra et 
al., 2018) .The Durham tube was introduced later, fol-
lowed by gas production.In 1901, Great Britain was 
using the concept of coliform bacteria, which are the 
bacteria similar to E. coli (Foppen et al., 2005) .



J HELLENIC VET MED SOC 2023, 74 (3)
ΠΕΚΕ 2023, 74 (3)

G. ZARIĆ, S. COCOLI, Đ. ŠARČEVIĆ, S. VJEŠTICA, R. PRODANOVIĆ, N. PUVAČA, M. CARIĆ 6119

In the first report, however, the colony count for 
bacteria in water was formally introduced.At the start 
of the twentieth century, the bacteriologists recog-
nized the importance of finding various coliforms, 
streptococci, and C. perfringens (Cabral, 2010) .The 
famous MacConkay’s broth, which was diagnostic for 
lactose-fermenting bacteria tolerating bile salts, was 
not described until 1905 by the author itself.Although 
coliforms included many organisms outside the fec-
alorigin, they were still considered heterogeneous 
groups of organisms (Scott et al., 2002) .It could be 
argued that E. coli originated largely from feces, while 
other Coliforms did not (Lalancette et al., 2014) .

E. coli AS BIOLOGICAL INDICATOR OF WA-
TER CONTAMINATION

Human and animal colonic normal bacteria are 
dominated by E. coli, which is a facultative anaer-
obic bacterium (Puvača & de Llanos Frutos, 2021) 
.As E. coli can only survive in the large intestine of 
warm-blooded animals (Savageau, 1983) , its pres-
ence in the environmental samples such as water usu-
ally indicates recent fecal contamination or poor san-
itation practices at the water treatment facilities (Jang 
et al., 2017) .The fecal pollution, improper storage 
conditions, and lack of hygienic practices all influ-
ence E. coli populations in water samples (Odonkor 
& Mahami, 2020) .If there areE. coliorganisms pres-
ent in food or water, it does not necessarily mean that 
pathogenic bacteria are present, but rather that there 
is a higher risk of the presence of other fecal-borne 
bacteria and viruses, many of which are pathogenic.It 

is for this reason that E. coli is widely used as an in-
dicator organism for the fecal contamination in water 
samples (Table 1) .Because fecal coliforms also detect 
thermotolerant non-fecal coliform bacteria, E. coli is 
considered a more specific indicator of fecal contam-
ination than fecal coliforms (Ferguson &Signoretto, 
2011) .Testing for the absence of enzymes that are 
selective for the E. coli organism is required by the 
Environmental Protection Agency (EPA) to confirm 
presumptive fecal coliforms (Schraft& Watterworth, 
2005) .Using this test, E. coli is distinguished from 
coliforms that are not thermotolerant in the feces.

BACTERIOLOGICAL SOURCES OF WATER-
BORNE ILLNESSESIN HUMANS

The majority of E. coli strains are harmless com-
mensal bacteria, but some strains can cause disease 
in animals and humans (Puvača & de Llanos Frutos, 
2021) .Bloody diarrhea, hemolytic uremic syndrome, 
hemorrhagic colitis, and other potentially fatal human 
diseases have been associated with Shiga toxin-pro-
ducing E. coli (STEC) , including enterohemorrhagic 
E. coli (EHEC) (Hughes et al., 2006; Lika et al., 2021; 
Paton et al., 1996; Tarr et al., 2005) .The waterborne 
illnesses have been caused by E. coli O157:H7, one 
of the most widely recognized serotypes of EHEC 
(Lim et al., 2010) .There are at least five other E. coli 
pathogroups (Brunder et al., 1999) besides STEC 
and EHEC (Table 2) .Most infants in the developing 
countries suffer from watery diarrhea caused by en-
teropathogenic E. coli (EPEC) (Clarke et al., 2002) .

Table 1. Public health indicator and index microorganism definitions.
Group Description

Process indicator Total heterotrophic bacteria or total coliforms demonstrate the efficacy of chlorine 
disinfection.

Fecal indicator
Usually, thermotolerant coliforms or E. coli indicate the presence of fecal 
contamination.As a result, pathogens may only be present if they have been 
detected.

Index and model organisms Groups or species of pathogens indicating their presence or behaviour, such as 
Salmonella, and F-RNA coliphage models indicate human enteric viruses.

Table 2. Different types of E. coli.
Name Hosts Consequences on the host
EnterotoxigenicE. coli Humans; Pets; Food animals Diarrheawithout fever
EnteropathogenicE. coli Humans; Rabbits; Pets; Horses Diarrhea
EnteroinvasiveE. coli Humans Diarrhea and high fever

EnterohemorrhagicE. coli Humans; Goats; Cattle Bloody diarrheawithout fever; 
Hemolytic-uremic syndrome; 

EnteroaggregativeE. coli Humans Watery diarrhea without fever
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Traveler’sdiarrhea is most commonly caused by 
enterotoxigenic E. coli (ETEC) (Mendez Arancibia et 
al., 2009) while persistent diarrhea can be caused by 
enteroaggregative E. coli (EAEC) (Okhuysen & Du-
Pont, 2010) .In terms of genetics, biochemistry, and 
pathogeny, enteroinvasiveE. coli (EIEC) are closely 
related to Shigella (van den Beld& Reubsaet, 2012) 
.It is believed by some researchers that Shigella is a 
subgroup of E. coli (Pupo et al., 2000; Sims & Kim, 
2011) .Unlike uropathogenic and avian pathogenic 
strains of E. coli, extraintestinal pathogenic E. coli 
(ExPEC) are harmless when they are inside the intes-
tinal tract (Johnson & Russo, 2002) .However, they 
can lead to neonatal meningitis and sepsis if they are 
brought into the body (Smith & Fratamico, 2017) 
.There has been no detailed investigation into the 
distribution of pathogenic E. coli in the environment, 
however,the presence of EPEC strains in the environ-
ment is more frequent than that of STEC strains, ac-
cording to several studies (Balière et al., 2015, 2016; 
Ishii et al., 2007) .It is thought that EPEC strains are 
evenly distributed among different human and ani-
mal hosts, whereas cattle and other ruminant animals 
(sheep, goats, and deer) are the most important reser-
voirs of STEC.The detections of EPEC in the envi-
ronment may be explained in part by the widespread 
distribution of EPEC in a wide variety of animal hosts 
(Jang et al., 2017) .

SOURCES OF E. coli INFECTION IN ANIMALS
A wide variety of animals, including cattle, sheep, 

goats, pigs, water buffalo, and wild ruminant species, 
shed Shiga toxin-producing E. coli in their feces.The 
most important reservoir for zoonotic STEC is ru-
minants, which may transmit the disease to humans 
through the ingestion of contaminated food or water 
or contact with the infected animals (Persad & Le-
Jeune, 2015) .Drinking water, feed, and the environ-
ment of animals are the main sources of STEC infec-
tion (Ahmed et al., 2015) .As well as cattle carrying 
the bacteria, other food animals (poultry, pigs, sheep, 
goats) , companion animals (dogs, cats) , wild animals 
(deer) , or insects (flies) may also contribute to the 
contamination.It is also possible to contract an infec-
tion from direct contact with cattle or other animals.
In addition to rivers, ponds, lakes, and groundwater 
supplying wells and springs, water runoff from dair-
ies and pastures where zoonotic STEC-carrying cattle 
have been grazing can pollute the surface drinking 
waters.A source of contamination may also be pas-
tures where slurry or manure from cattle (Pedersen & 

Clark, 2007) or poultry (Ljubojević et al., 2017) with 
zoonotic STEC has been spread as fertilizer.Drinking 
troughs can be contaminated by the water source from 
fecal contamination, or from cows carrying STEC in 
their tonsils contaminating the water through oral 
contact.O157 STEC can survive for several months in 
water, feces, or sediment from drinking troughs (Av-
ery et al., 2008) .As a result of run-off or the spread 
of manure and slurries as fertilizer, or by wild bird 
or mammalian feces, feeds such as grain pellets, 
soybean meal, silage grasses, and grass hay can be 
contaminated.In addition to contamination during 
transportation to a feed mill, the feed can also be con-
taminated during storage.If silage is poorly managed, 
it may allow STEC to survive on grass that has been 
contaminated with feces: proper processing of silage 
normally eliminates the STEC.Animals, wildlife, ro-
dents, birds, and insects, such as flies, may contami-
nate feed troughs through saliva or defecation.Most of 
the contamination of cattle environments, including 
pastures, feed troughs, and pen floors, comes from fe-
cal contamination.One of the most important findings 
is that some O157 STEC strains may persist for more 
than two years in a certain farm environment (Ma et 
al., 2014) .Bacteria persistence is strongly influenced 
by the type of the environment they live in.In contrast, 
calves raised on pasture on the same farm shed no 
O157 STEC over a period of six months, possibly be-
cause they were exposed to fewer bacteria when kept 
indoors in pens.The persistence of STEC will also be 
impacted by poor husbandry (Hellberg & Chu, 2016) 
.O157 STEC was found to be more prevalent in cattle 
raised in pens with wet, muddy floors than in cattle 
raised under normal conditions.

It has been shown that age, weaning, movement of 
the animals, season, feed composition, as well as the 
ability of the bacteria to persist in the environment, 
are risk factors for infection with O157 STEC in ani-
mals (Hellberg & Chu, 2016) .

E. coli METHODS FOR ISOLATION AND IDEN-
TIFICATION 

The serological characteristics and virulence char-
acteristics of enteric E. coli (EC) determine their clas-
sification.Isolating pathogenic strains of E. coli from 
food using E. coli as an indicator organism has not 
been proven effective.In part, this is since pathogenic 
strains of E. coli have very different growth patterns 
than non-pathogenic strains.Especially when initial-
ly present in low populations, pathogenic strains fre-
quently show delayed growth at 44 and 45.5°C (Eblen 
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et al., 2005) .

It is possible for some pathogenic strains to not 
produce acid and gas from lactose within 48 hours 
when grown in LST, BGLB, or EC broths.Addition-
ally, plasmids that encode many virulence factors of 
pathogenic E. coli strains are lost in growth media 
that contain sodium lauryl sulfate at 44.5°C.To isolate 
the pathogenic strains from food or water, the meth-
ods commonly used to detect E. coli as an indicator 
organism should not be used (Tortorello, 2003) .

Enterohemorrhagic E. coliO157:H7 must be iso-
lated differently from other strains of E. coli.The bio-
chemical differences between E. coli O157:H7 and 
most other strains can be exploited for isolation and 
identification (Table 3) . The O157:H7 strain pro-
duces no functional beta-glucuronidase and ferments 
sorbitol slowly, or not at all, whereas most other E. 
coli strains do (Nataro et al., 2011) .Further, E. coli 
strains belonging to other serogroups ferment rham-
nose on agar plates, whereas E. coli strains belonging 
to O157:H7 do not ferment rhamnose (Nataro et al., 
2011) .

For sorbitol fermentation and beta-glucuronidase 
testing, such as Sorbitol MacConkay agar containing 
MUG, and methods that test both sorbitol fermen-
tation and beta-glucuronidase activity, DNA probes 
and polymerase chain reactions (PCR) can be usedfor 
the isolation ofE. coli O157:H7.As a result of coli-
form and fecal coliform group definitions, E. coli of 
sanitary significance are identified and enumerated.
ConventionallyIMViC pattern:+ + - - (Type I) and 
- + - - (Type II) are used to identify E. coli isolates 
(Huang et al., 1997) . In thisscheme I refers to the 

ability of the organismto produce indole from the me-
tabolism of tryptophan;M indicates the ability of the 
organismto ferment glucose to high acid as detected 
byMethyl Red pH indicator dye in the medium; Vi-
stands for the production ofneutral products2.3 bu-
tanediol and acetoin from glucosemetabolism, known 
as the Vogues-Proskauer reaction, whereas C rep-
resents theability of the bacterium to use citrateas a 
solecarbon source (Huang et al., 1997) . Furthermore, 
IMViC profiles do not provide adequate identification 
of E. coli strains which do not give IMViC reactions 
corresponding to either Biotype I or Biotype II.As 
many isolates need 48 hours to produce detectable in-
dole, the additional tests are necessary for speciation 
of Type II E. coli in some specimens (de Boer et al., 
2010) .

RECENT DEVELOPMENTS OF E. coli AS CON-
TAMINATION INDICATOR

Aside from its limitations and problems, the fe-
cal coliform test has many advantages.The most 
important attribute is that it has proven effective as 
a regulatory tool for many years.The coliform test 
has been successfully used for more than 60 years in 
water quality control (Tiwari et al., 2021) .As far as 
quality water harvesting and contact recreation are 
concerned, much of the regulatory decision-making 
will continue to be based on the fecal coliform test.
By using PCR, which detects both live and dead bac-
teria, the primary bias of culturable tests in isolating 
E. coli as an indicator organism has been overcome 
(Offenbaume et al., 2020) .Infectious diseases can be 
detected molecularly using PCR, which is a rapid and 
reliable method (Hasseb et al., 2022) .E. coli has been 
identified in primary water samples, feces samples, 

Table 3. E. coli types and their biochemical properties.

Test E. coli types
Enterotoxigenic Enteropathogenic Enteroinvasive

Motility + + ++
Voges-Proskauer ++ ++ ++
Gas from lactose + + ++
Lysine decarboxylation + + +++
Ornithine decarboxylation +++ +++ ++
Lactose fermentation + + +++
Beta-Glucuronidase + + +
Indole + + +++
Sorbitol fermentation + + ++
Citrate ++ ++ ++
Methyl red + + +

+, >90% positive; ++, <10% positive; +++, 10-90% positive
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and outbreak samples using PCR analysis for screen-
ing (Kinnula et al., 2018) .

CONCLUSION
Considering the availability of inexpensive, fast, 

sensitive, specific, and easier-to-perform detection 
methods for E. coli, it makes sense that E. coli appears 
to be the best indicator of the bacteriological quality 
in water.However, E. coli in water only lives a short 
time, so it can best determine recent contamination.To 

determine the bacteriological quality of water, contin-
uous monitoring for E. coli is still required and will be 
required for long period.

CONFLICT OF INTEREST
The authors declare no conflict of interest. The 

funders had no role in the design of the study; in the 
collection, analyses, or interpretation of data; in the 
writing of the manuscript, or in the decision to publish 
the results.

REFERENCES

Ahmed, T., Scholz, M., Al-Faraj, F., & Niaz, W. (2016) . Water-Relat-
ed Impacts of Climate Change on Agriculture and Subsequently on 
Public Health: A Review for Generalists with Particular Reference 
to Pakistan. International Journal of Environmental Research and 
Public Health, 13 (11) , 1051. https://doi.org/10.3390/ijerph13111051

Ahmed, W., Gyawali, P., & Toze, S. (2015) . Quantitative PCR measure-
ments of Escherichia coli including Shiga Toxin-Producing E. coli 
(STEC) in Animal Feces and Environmental Waters. Environmental 
Science & Technology, 49 (5) , 3084-3090. https://doi.org/10.1021/
es505477n

Almeria, S., Robertson, L., &Santin, M. (2021) . Why foodborne and 
waterborne parasites are important for veterinarians. Research 
in Veterinary Science, 136, 198-199. https://doi.org/10.1016/j.
rvsc.2021.02.020

Asano, T., &Cotruvo, J. A. (2004) . Groundwater recharge with re-
claimed municipal wastewater: Health and regulatory consider-
ations. Water Research, 38 (8) , 1941-1951. https://doi.org/10.1016/j.
watres.2004.01.023

Avery, L. M., Williams, A. P., Killham, K., & Jones, D. L. (2008) . Surviv-
al of Escherichia coli O157:H7 in waters from lakes, rivers, puddles 
and animal-drinking troughs. Science of The Total Environment, 389 
(2) , 378-385. https://doi.org/10.1016/j.scitotenv.2007.08.049

Balière, C., Rincé, A., Blanco, J., Dahbi, G., Harel, J., Vogeleer, P., Giard, 
J.-C., Mariani-Kurkdjian, P., &Gourmelon, M. (2015) . Prevalence 
and Characterization of Shiga Toxin-Producing and Enteropatho-
genic Escherichia coli in Shellfish-Harvesting Areas and Their Wa-
tersheds. Frontiers in Microbiology, 6. https://www.frontiersin.org/
articles/10.3389/fmicb.2015.01356

Balière, C., Rincé, A., Delannoy, S., Fach, P., &Gourmelon, M. (2016) . 
Molecular Profiling of Shiga Toxin-Producing Escherichia coli and 
Enteropathogenic E. coli Strains Isolated from French Coastal Envi-
ronments. Applied and Environmental Microbiology, 82 (13) , 3913-
3927. https://doi.org/10.1128/AEM.00271-16

Brunder, W., Schmidt, H., Frosch, M., &Karch, H. 1999. (1999) . The 
large plasmids of Shiga-toxin-producing Escherichia coli (STEC) are 
highly variable genetic elements. Microbiology, 145 (5) , 1005-1014. 
https://doi.org/10.1099/13500872-145-5-1005

Cabral, J. P. S. (2010) . Water Microbiology. Bacterial Pathogens and 
Water. International Journal of Environmental Research and Public 
Health, 7 (10) , 3657-3703. https://doi.org/10.3390/ijerph7103657

Cann, K. F., Thomas, D. R., Salmon, R. L., Wyn-Jones, A. P., & Kay, 
D. (2013) . Extreme water-related weather events and waterborne 
disease. Epidemiology & Infection, 141 (4) , 671-686. https://doi.
org/10.1017/S0950268812001653

Clarke, S. C., Haigh, R. D., Freestone, P. P. E., & Williams, P. H. (2002) . 
Enteropathogenic Escherichia coli infection: History and clinical as-
pects. British Journal of Biomedical Science, 59 (2) , 123-127. https://
doi.org/10.1080/09674845.2002.11783647

Cosgrove, W. J., & Loucks, D. P. (2015) . Water management: Current and 
future challenges and research directions. Water Resources Research, 
51 (6) , 4823-4839. https://doi.org/10.1002/2014WR016869

de Boer, R. F., Ott, A., Kesztyüs, B., &Kooistra-Smid, A. M. D. (2010) . 
Improved Detection of Five Major Gastrointestinal Pathogens by Use 
of a Molecular Screening Approach. Journal of Clinical Microbiolo-
gy, 48 (11) , 4140-4146. https://doi.org/10.1128/JCM.01124-10

de Llanos, R., Cejudo-Marín, R., Barneo, M., Pérez-Cataluña, A., Bar-
berá-Riera, M., Rebagliato, M., Bellido-Blasco, J., Sánchez, G., 
Hernández, F., &Bijlsma, L. (2022) . Monitoring the evolution of 
SARS-CoV-2 on a Spanish university campus through wastewater 
analysis: A pilot project for the reopening strategy. Science of The 
Total Environment, 845, 157370. https://doi.org/10.1016/j.scito-
tenv.2022.157370

EBLEN, D. R., ANNOUS, B. A., & SAPERS, G. M. (2005) . Studies To 
Select Appropriate Nonpathogenic Surrogate Escherichia coli Strains 
for Potential Use in Place of Escherichia coli O157:H7 and Salmo-
nella in Pilot Plant Studies†. Journal of Food Protection, 68 (2) , 
282-291. https://doi.org/10.4315/0362-028X-68.2.282

Ferguson, D., &Signoretto, C. (2011) . Environmental Persistence and 
Naturalization of Fecal Indicator Organisms. In C. Hagedorn, A. R. 
Blanch, & V. J. Harwood (Eds.) , Microbial Source Tracking: Meth-
ods, Applications, and Case Studies (pp. 379-397) . Springer. https://
doi.org/10.1007/978-1-4419-9386-1_17

Foppen, J. W. A., Mporokoso, A., &Schijven, J. F. (2005) . Determining 
straining of Escherichia coli from breakthrough curves. Journal of 
Contaminant Hydrology, 76 (3) , 191-210. https://doi.org/10.1016/j.
jconhyd.2004.08.005

Friedmann, H. C. (2006) . Escherich and Escherichia. In Advances in Ap-
plied Microbiology (Vol. 60, pp. 133-196) . Academic Press. https://
doi.org/10.1016/S0065-2164 (06) 60005-1

George, G., Schillebeeckx, S. J. D., &Liak, T. L. (2018) . The manage-
ment of natural resources: An overview and research agenda. Manag-
ing Natural Resources, 1-32.

Hasseb, A. A., Abdel Ghani, N. din T., Shehab, O. R., & El Nashar, R. M. 
(2022) . Application of molecularly imprinted polymers for electro-
chemical detection of some important biomedical markers and patho-
gens. Current Opinion in Electrochemistry, 31, 100848. https://doi.
org/10.1016/j.coelec.2021.100848

Hellberg, R. S., & Chu, E. (2016) . Effects of climate change on the per-
sistence and dispersal of foodborne bacterial pathogens in the outdoor 
environment: A review. Critical Reviews in Microbiology, 42 (4) , 
548-572. https://doi.org/10.3109/1040841X.2014.972335

Hennebique, A., Boisset, S., &Maurin, M. (2019) . Tularemia as a wa-
terborne disease: A review. Emerging Microbes & Infections, 8 (1) , 
1027-1042. https://doi.org/10.1080/22221751.2019.1638734

Horvat, Z., Horvat, M., Pastor, K., Bursić, V., & Puvača, N. (2021) . Mul-
tivariate Analysis of Water Quality Measurements on the Danube 
River. Water, 13 (24) , 3634. https://doi.org/10.3390/w13243634

HUANG, S. W., CHANG, C. H., TAI, T. F., & CHANG, T. C. (1997) 
. Comparison of the β-Glucuronidase Assay and the Conventional 
Method for Identification of Escherichia coli on Eosin-Methylene 
Blue Agar. Journal of Food Protection, 60 (1) , 6-9. https://doi.
org/10.4315/0362-028X-60.1.6



J HELLENIC VET MED SOC 2023, 74 (3)
ΠΕΚΕ 2023, 74 (3)

G. ZARIĆ, S. COCOLI, Đ. ŠARČEVIĆ, S. VJEŠTICA, R. PRODANOVIĆ, N. PUVAČA, M. CARIĆ 6123

Hughes, J. M., Wilson, M. E., Johnson, K. E., Thorpe, C. M., & Sears, C. 
L. (2006) . The Emerging Clinical Importance of Non-O157 Shiga 
Toxin—Producing Escherichia coli. Clinical Infectious Diseases, 43 
(12) , 1587-1595. https://doi.org/10.1086/509573

Hunter, P. R., Colford, J. M., LeChevallier, M. W., Binder, S., & Berger, 
P. S. (2001) . Waterborne diseases. Emerging Infectious Diseases, 7 
(3 Suppl) , 544.

Hunter, P. R., MacDonald, A. M., & Carter, R. C. (2010) . Water Sup-
ply and Health. PLOS Medicine, 7 (11) , e1000361. https://doi.
org/10.1371/journal.pmed.1000361

Ishii, S., Meyer, K. P., &Sadowsky, M. J. (2007) . Relationship between 
Phylogenetic Groups, Genotypic Clusters, and Virulence Gene Pro-
files of Escherichia coli Strains from Diverse Human and Animal 
Sources. Applied and Environmental Microbiology, 73 (18) , 5703-
5710. https://doi.org/10.1128/AEM.00275-07

Jang, J., Hur, H.-G., Sadowsky, M. j., Byappanahalli, M. n., Yan, T., & 
Ishii, S. (2017) . Environmental Escherichia coli: Ecology and public 
health implications—a review. Journal of Applied Microbiology, 123 
(3) , 570-581. https://doi.org/10.1111/jam.13468

Johnson, J. R., & Russo, T. A. (2002) . Extraintestinal pathogenic Esch-
erichia coli: “The other bad E coli ”. Journal of Laboratory and 
Clinical Medicine, 139 (3) , 155-162. https://doi.org/10.1067/
mlc.2002.121550

Kinnula, S., Hemminki, K., Kotilainen, H., Ruotsalainen, E., Tark-
ka, E., Salmenlinna, S., Hallanvuo, S., Leinonen, E., Jukka, O., 
&Rimhanen-Finne, R. (2018) . Outbreak of multiple strains of 
non-O157 Shiga toxin-producing and enteropathogenic Escherichia 
coli associated with rocket salad, Finland, autumn 2016. Eurosur-
veillance, 23 (35) , 1700666. https://doi.org/10.2807/1560-7917.
ES.2018.23.35.1700666

Lalancette, C., Papineau, I., Payment, P., Dorner, S., Servais, P., Barbeau, 
B., Di Giovanni, G. D., &Prévost, M. (2014) . Changes in Escherich-
ia coli to Cryptosporidium ratios for various fecal pollution sources 
and drinking water intakes. Water Research, 55, 150-161. https://doi.
org/10.1016/j.watres.2014.01.050

Lea, M. (2014) . Biological Sand Filters: Low-Cost Bioremedia-
tion Technique for Production of Clean Drinking Water. Current 
Protocols in Microbiology, 33 (1) , 1G.1.1-1G.1.27. https://doi.
org/10.1002/9780471729259.mc01g01s33

Leclerc, H., & Moreau, A. (2002) . Microbiological safety of natural min-
eral water. FEMS Microbiology Reviews, 26 (2) , 207-222. https://doi.
org/10.1111/j.1574-6976.2002.tb00611.x

Leclerc, H., Schwartzbrod, L., & Dei-Cas, E. (2002) . Microbial Agents 
Associated with Waterborne Diseases. Critical Reviews in Microbi-
ology, 28 (4) , 371-409. https://doi.org/10.1080/1040-840291046768

Lika, E., Rosić, M., Cocoli, S., Puvača, N., Vuković, G., ShtyllaKika, T., 
& Bursić, V. (2021) . Antimicrobial resistance of Staphylococcus au-
reus strains isolated from cow raw milk samples from Albania and 
Serbia. Mljekarstvo, 71 (4) , 248-256. https://doi.org/10.15567/ml-
jekarstvo.2021.0404

Lim, J. Y., Yoon, J. W., &Hovde, C. J. (2010) . A Brief Overview of Esch-
erichia coli O157:H7 and Its Plasmid O157. Journal of Microbiology 
and Biotechnology, 20 (1) , 5-14.

Ljubojević, D., Pelić, M., Puvača, N., &Milanov, D. (2017) . Resistance to 
tetracycline in Escherichia coli isolates from poultry meat: Epidemi-
ology, policy and perspective. World’s Poultry Science Journal, 73 (2) 
, 409-417. https://doi.org/10.1017/S0043933917000216

Luo, P., Mu, Y., Wang, S., Zhu, W., Mishra, B. K., Huo, A., Zhou, M., 
Lyu, J., Hu, M., Duan, W., He, B., &Nover, D. (2022) . Exploring sus-
tainable solutions for the water environment in Chinese and South-
east Asian cities. Ambio, 51 (5) , 1199-1218. https://doi.org/10.1007/
s13280-021-01654-3

Ma, J., Mark Ibekwe, A., Crowley, D. E., & Yang, C.-H. (2014) . Per-
sistence of Escherichia coli O157 and non-O157 strains in agricultur-
al soils. Science of The Total Environment, 490, 822-829. https://doi.
org/10.1016/j.scitotenv.2014.05.069

Malhotra, S., Sidhu, S. K., & Devi, P. (2015) . Assessment of bacteriologi-
cal quality of drinking water from various sources in Amritsar district 
of northern India. The Journal of Infection in Developing Countries, 
9 (08) , 844-848. https://doi.org/10.3855/jidc.6010

Mendez Arancibia, E., Pitart, C., Ruiz, J., Marco, F., Gascón, J., & Vila, 

J. (2009) . Evolution of antimicrobial resistance in enteroaggregative 
Escherichia coli and enterotoxigenic Escherichia coli causing trav-
eller�s diarrhoea. Journal of Antimicrobial Chemotherapy, 64 (2) , 
343-347. https://doi.org/10.1093/jac/dkp178

Mishra, M., Arukha, A. P., Patel, A. K., Behera, N., Mohanta, T. K., & 
Yadav, D. (2018) . Multi-Drug Resistant Coliform: Water Sanitary 
Standards and Health Hazards. Frontiers in Pharmacology, 9. https://
www.frontiersin.org/articles/10.3389/fphar.2018.00311

Nataro, J. P., Bopp, C. A., Fields, P. I., Kaper, J. B., &Strockbine, N. A. 
(2011) . Escherichia, Shigella , and Salmonella. In Manual of Clinical 
Microbiology (pp. 603-626) . John Wiley & Sons, Ltd. https://doi.
org/10.1128/9781555816728.ch35

Ochilova, N. R., Muratova, G. S., &Karshieva, D. R. (2021) . The Impor-
tance of Water Quality and Quantity in Strengthening the Health and 
Living Conditions of the Population. CENTRAL ASIAN JOURNAL 
OF MEDICAL AND NATURAL SCIENCES, 2 (5) , 399-402. https://
doi.org/10.47494/cajmns.v2i5.403

Odonkor, S. T., &Ampofo, J. K. (2013) . Escherichia coli as An Indicator 
of Bacteriological Quality of Water: An Overview. Microbiology Re-
search, 4 (1) , e2. https://doi.org/10.4081/mr.2013.e2

Odonkor, S. T., &Mahami, T. (2020) . Escherichia coli as a Tool for 
Disease Risk Assessment of Drinking Water Sources. Interna-
tional Journal of Microbiology, 2020, e2534130. https://doi.
org/10.1155/2020/2534130

Offenbaume, K. L., Bertone, E., & Stewart, R. A. (2020) . Monitoring Ap-
proaches for Faecal Indicator Bacteria in Water: Visioning a Remote 
Real-Time Sensor for E. coli and Enterococci. Water, 12 (9) , 2591. 
https://doi.org/10.3390/w12092591

Okhuysen, P. C., & DuPont, H. L. (2010) . Enteroaggregative Escherichia 
coli (EAEC) : A Cause of Acute and Persistent Diarrhea of Worldwide 
Importance. The Journal of Infectious Diseases, 202 (4) , 503-505. 
https://doi.org/10.1086/654895

Olaoye, O. A., &Onilude, A. A. (2009) . Assessment of microbiological 
quality of sachet-packaged drinking water in Western Nigeria and its 
public health significance. Public Health, 123 (11) , 729-734. https://
doi.org/10.1016/j.puhe.2009.09.015

Paton, A. W., Ratcliff, R. M., Doyle, R. M., Seymour-Murray, J., Davos, 
D., Lanser, J. A., & Paton, J. C. (1996) . Molecular microbiological 
investigation of an outbreak of hemolytic-uremic syndrome caused 
by dry fermented sausage contaminated with Shiga-like toxin-pro-
ducing Escherichia coli. Journal of Clinical Microbiology, 34 (7) , 
1622-1627. https://doi.org/10.1128/jcm.34.7.1622-1627.1996

Pedersen, K., & Clark, L. (2007) . A review of Shiga toxin <em>Esche-
richia coli</em> and <em>Salmonella enterica</em> in cattle and 
free-ranging birds: Potential association and epidemiological links. 
Human-Wildlife Conflicts, 1 (1) , 68-77.

Persad, A. K., & LeJeune, J. T. (2015) . Animal Reservoirs of Shiga Tox-
in-Producing Escherichia coli. In Enterohemorrhagic Escherichia 
coli and Other Shiga Toxin-Producing E. coli (pp. 211-230) . John 
Wiley & Sons, Ltd. https://doi.org/10.1128/9781555818791.ch11

Pupo, G. M., Lan, R., & Reeves, P. R. (2000) . Multiple independent 
origins of Shigella clones of Escherichia coli and convergent evo-
lution of many of their characteristics. Proceedings of the National 
Academy of Sciences, 97 (19) , 10567-10572. https://doi.org/10.1073/
pnas.180094797

Puvača, N., & de Llanos Frutos, R. (2021) . Antimicrobial Resistance in 
Escherichia coli Strains Isolated from Humans and Pet Animals. Anti-
biotics, 10 (1) , 69. https://doi.org/10.3390/antibiotics10010069

Puvača, N., Lika, E., Brkanlić, S., Esteve, E. B., Ilić, D., Kika, S., &Brkić, 
I. (2021) . The Pandemic of SARS-CoV-2 as a Worldwide Health 
Safety Risk. Journal of Agronomy, Technology and Engineering 
Management, 4 (1) , 523-532.

Savageau, M. A. (1983) . Escherichia coli Habitats, Cell Types, and Mo-
lecular Mechanisms of Gene Control. The American Naturalist, 122 
(6) , 732-744. https://doi.org/10.1086/284168

Schraft, H., & Watterworth, L. A. (2005) . Enumeration of heterotrophs, 
fecal coliforms and Escherichia coli in water: Comparison of 3MTM-

PetrifilmTM plates with standard plating procedures. Journal of Mi-
crobiological Methods, 60 (3) , 335-342. https://doi.org/10.1016/j.
mimet.2004.10.008

Scott, T. M., Rose, J. B., Jenkins, T. M., Farrah, S. R., & Lukasik, J. (2002) 



J HELLENIC VET MED SOC 2023, 74 (3)
ΠΕΚΕ 2023, 74 (3)

6124 G. ZARIĆ, S. COCOLI, Đ. ŠARČEVIĆ, S. VJEŠTICA, R. PRODANOVIĆ, N. PUVAČA, M. CARIĆ

. Microbial Source Tracking: Current Methodology and Future Direc-
tions. Applied and Environmental Microbiology, 68 (12) , 5796-5803. 
https://doi.org/10.1128/AEM.68.12.5796-5803.2002

Semenza, J. C. (2020) . Cascading risks of waterborne diseases from 
climate change. Nature Immunology, 21 (5) , 484-487. https://doi.
org/10.1038/s41590-020-0631-7

Shamsudduha, M., Joseph, G., Haque, S. S., Khan, M. R., Zahid, A., & 
Ahmed, K. M. U. (2020) . Multi-hazard Groundwater Risks to Water 
Supply from Shallow Depths: Challenges to Achieving the Sustain-
able Development Goals in Bangladesh. Exposure and Health, 12 (4) 
, 657-670. https://doi.org/10.1007/s12403-019-00325-9

Sims, G. E., & Kim, S.-H. (2011) . Whole-genome phylogeny of Esche-
richia coli/Shigella group by feature frequency profiles (FFPs) . Pro-
ceedings of the National Academy of Sciences, 108 (20) , 8329-8334. 
https://doi.org/10.1073/pnas.1105168108

Sinton, L. W., Finlay, R. K., & Hannah, D. J. (1998) . Distinguishing hu-
man from animal faecal contamination in water: A review. New Zea-
land Journal of Marine and Freshwater Research, 32 (2) , 323-348. 
https://doi.org/10.1080/00288330.1998.9516828

Smith, J. L., &Fratamico, P. M. (2017) . Escherichia coli as a Pathogen. In 
C. E. R. Dodd, T. Aldsworth, R. A. Stein, D. O. Cliver, & H. P. Rie-
mann (Eds.) , Foodborne Diseases (Third Edition) (pp. 189-208) . Ac-
ademic Press. https://doi.org/10.1016/B978-0-12-385007-2.00007-3

Tallis, H., Kareiva, P., Marvier, M., & Chang, A. (2008) . An ecosystem 
services framework to support both practical conservation and eco-

nomic development. Proceedings of the National Academy of Scienc-
es, 105 (28) , 9457-9464. https://doi.org/10.1073/pnas.0705797105

Tarr, P. I., Gordon, C. A., & Chandler, W. L. (2005) . Shiga-toxin-produc-
ing Escherichia coli and haemolytic uraemic syndrome. The Lancet, 
365 (9464) , 1073-1086. https://doi.org/10.1016/S0140-6736 (05) 
71144-2

Tiwari, A., Oliver, D. M., Bivins, A., Sherchan, S. P., &Pitkänen, T. (2021) 
. Bathing Water Quality Monitoring Practices in Europe and the Unit-
ed States. International Journal of Environmental Research and Pub-
lic Health, 18 (11) , 5513. https://doi.org/10.3390/ijerph18115513

Tortorello, M. L. (2003) . Indicator Organisms for Safety and Quali-
ty—Uses and Methods for Detection: Minireview. Journal of AOAC 
INTERNATIONAL, 86 (6) , 1208-1217. https://doi.org/10.1093/
jaoac/86.6.1208

van den Beld, M. J. C., &Reubsaet, F. A. G. (2012) . Differentiation be-
tween Shigella, enteroinvasive Escherichia coli (EIEC) and noninva-
sive Escherichia coli. European Journal of Clinical Microbiology & 
Infectious Diseases, 31 (6) , 899-904. https://doi.org/10.1007/s10096-
011-1395-7

Zafar, M. W., Zaidi, S. A. H., Khan, N. R., Mirza, F. M., Hou, F., &Kir-
mani, S. A. A. (2019) . The impact of natural resources, human cap-
ital, and foreign direct investment on the ecological footprint: The 
case of the United States. Resources Policy, 63, 101428. https://doi.
org/10.1016/j.resourpol.2019.101428

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

