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Abstract

| The current investigation enalysed diverse sources of samples for Es
| and Enterotoxigenic Escherichia coli (ETEC). A total of 120 samples wete g :
drinking water. 25 waste water, and 20 dog faeces). A toral of 71 samples (26 drinking
water, 25 waste water, and 20 dog faeces samples) tested positive for E. coli, }qclﬁing 142
E. coli isolates. On analysis of 142 isolates by PCR for lr, sila, and st/b genes to detect,
none was positive. Isolates were analysed for their yntibiotic resistance pattern agamst 9
antibiotics. The isolates yielded moderate 1o low resisiance 10 antibiotics with highest
resistance to norfloxacin (28.16%) followed by ofloxacin (16.91%), ampicillin/sulbactam
(11.27%), ciprofloxacin (9.15%). ampicillin (7.74%), cefoperazone (3.53%) and cefixime
(1.41%). Isolates were sensitive to amikacin and gentamicin, There were similarities

i

regarding antibiotic resistance pattern among £ coli isolated from different sources,
probably indicating about the contamination of water with faecal matter occurring in the
study areas. For assessing the WASH (water, sanitation and hygiene) conditions in the study
areas, data by questionnaire was collecied. All households have piped water supply with
fifty five percent (55%) using public taps and forty five percent (45%) using household
supplies. Fifty percent (50%) of houscholds do nothing to make water safer to drink, while
thirty percent (30%) strain it with a cloth, eleven point six pereent (11.6%) use a filter, and
| eight point three three percent (8.33%] boil it. Fifty five percent (55%) of households
practise open defecation, twenty three point three percent (23.3%) have open drain toilet
facilities, and twenty one paint six seven percent (21.67%) have proper toilet facilities with

)
il

septic tank. After defecation, all households used water and soap/detergent for hand
washing. The study generated the information on water, sanitation and hygiene in the

of Jammu.
Keywords: £, coli, ETEC, PCR, WASH. Ir, stla, stlb
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CHAPTER-1
INTRODUCTION

Diarrhea is a serious health issue that affects people all over the world. Globally,
4 billion episodes of diarrhea are predicted to occur each year. As a result, the
implications of this important healthcare issue affect 2-3 million children and 0.5-1
million adults. Children are particularly vulnerable to the negative effects of acute
diarrheal disease, with each child aged 5 years having an average of 3.2 episodes of
diarrhea per year (Kosek et al., 2003). According to recent data, diarrhea accounts for 8%
of all fatalities among children under the age of five (WHO, 2019) and is the second
largest cause of death in this age range (WHO, 2019).

Diarrheal diseases are primarily faecal in origin and are transmitted by the
consumption of contaminated foods and drinks. This type of transmission is dependent on
the availability of a asufficient and healthy water supply, as well as sanitation and
hygiene, which is linked to food safety. According to the World Health Organization,
poor drinking water (35%), sanitation (31%), and hygiene (12%) account for 60% of all
diarrheal deaths in low- and middle-income countries, resulting in 829000 deaths each

year (Pruss-Uston et al., 2019).

WASH (Water, sanitation, and hygiene) is defined as widespread, inexpensive,
and long-term access to safe water, sanitation facilities, and soap and water for hand
washing, all of which act as preventative measures to restrict the spread of illnesses and
infections (UNICEF Report, 2015). WASH is a critical public health concern in
international development, and it is the subject of the Sustainable Development Goal 6
(SDG 6)'s first two targets (Sustainable Development knowledge platform). According to
the WHO, around 2.4 billion people still do not have access to sanitation facilities, and
663 million people do not have access to safe and clean drinking water (Joint Monitoring
Programme 2015). It is predicted that increasing WASH might prevent around a tenth of
the world's disease burden (Pruss-Uston et al., 2002). Waterborne infections afflict
around 37.7 million Indians each year, with 1.5 million children dying from diarrhea
alone (Parsai and Rokade, 2019).



Diarrhea can be caused by a variety of infections. Many bacterial pathogens
(Escherichia coli, Vibrio cholerae, Shigella, Salmonella Typhi, Campylobacter, and
others), viral pathogens (Rotavirus and Norovirus) and parasitic pathogens
(Cryptosporidium, etc.) are on the list. In underdeveloped countries, bacterial infections
such as E. coli, Shigella, and Salmonella typhi represent a major public health concern
(Cabral, 2010). Furthermore, in developing nations, only two microorganisms, E. coli and
Rotavirus, are responsible for the majority of episodes of mild to severe diarrhea (WHO,
2017).

The Gram-negative, rod-shaped commensal bacteria Escherichia coli resides in
the intestines of warm-blooded animals and humans. It is extremely unusual that it causes
illness (Singleton, 1999). When the bacterium invades the intestine, however, some
pathotypes induce diarrhea. E. coli pathotypes associated with intestinal disorders include
enterotoxigenic E. coli (ETEC), enterohaemorrhagic E. coli (EHEC), enteroinvasive E.
coli (EIEC), enteropathogenic E. coli (EPEC), enteroaggregative E. coli (EAEC), and
diffusely adherent E. coli (DAEC). One or more distinct virulence markers identify each
pathotype.

In underdeveloped and developing nations, ETEC infection is one of the most
common causes of diarrhea. Children under the age of five are particularly vulnerable to
intestinal infection, with 400 million diarrheal cases recorded annually, 280 million of
which are children (Wenneras and Erling, 2004). ETEC is also responsible for 50-60% of
all instances of traveler’s diarrhea from industrialized to developing nations, particularly
in areas with poor sanitation, with an estimated 60 million cases per year (Gascon et al.,
1998; Qadri et al., 2005; Jiang et al., 2002). According to a study, ETEC infection alone
causes an estimated 3,70,000 deaths every year, the bulk of which are youngsters
(Wenneras and Erling, 2004).

Two types of plasmid-encoded virulence factors are involved in the pathogenesis
of ETEC: a. CFs (colonization factors): It's an adhesion molecule found on bacteria's
surfaces that helps them colonize the small intestine by binding to enterocytes (Gaastra
and Svennerholm 1996; Nataro and Kaper 1998), b. Toxins: ETEC makes two types of
enterotoxins: heat-labile (LT) and heat-stable (ST). In humans, diarrhea is induced when



the enterotoxins LT and ST bind to receptors on the intestinal epithelium and activate
signaling pathways, causing substantial volumes of water and electrolytes to be secreted
into the intestinal lumen (Field et al., 1978; Sack 1980; Sixma et al., 1993). ETEC strains
can produce one or both toxins at the same time. ETEC is carried in the intestines of both
animals and people, and transmission of the disease occurs when water is contaminated
with faeces. ETEC has been found to survive for lengthy periods of time in fresh water
(Lothigius et al., 2010), suggesting that water is one of ETEC's reservoirs. Pathogenic E.
coli has also been found in the intestines of pet dogs (VegaManriquez et al., 2020);
however, there are few studies on pathogenic E. coli in dogs. Additionally, the majority
of ETEC isolated from diarrheic canines are ST-positive (Hammermueller et al., 1995).

Slums are residential areas where dwellings are in any way unfit for human
habitation due to dilapidation, overcrowding, faulty arrangements and designs of such
buildings, narrowness or faulty arrangement of streets, lack of ventilation, light,
sanitation facilities, or any combination of these factors that are detrimental to safety,
health, and morals, as defined by the Slum Area Improvement and Clearance Act (1956).
A slum, according to UN Habitat, is defined by a lack of long-term housing, insufficient

living space, a lack of access to clean water, poor sanitation, and insecure tenure.

There are numerous reports on the assessment of WASH conditions and diarrheal
cases in slums around the world. Furthermore, some research have looked into the role of
ETEC in causing diarrhea in such neighborhoods. Some research analyzing WASH
conditions in slums and the association between WASH conditions and diarrheal cases in
these regions are available at the country level (Pati et al., 2014; Sangra et al., 2020). The
link between diarrhea in children under the age of five and contaminated drinking water
has been discovered in slum studies (Patil et al., 2012; Gupta et al., 2015; Bhar et al.,
2017). However, there is still a need to examine the risk of ETEC through slum drinking
water. Furthermore, there is no information on the transmission of ETEC by humans and

dogs in poor regions. At both the global and national levels, such data is scarce.

According to the 2011 Indian Census, Jammu and Kashmir contains less than 1%
of the country's total slum population. Nonetheless, the region is immensely popular
among the working class, particularly those from Uttar Pradesh, Bihar, and Madhya



Pradesh, because J&K has a greater per capita income than these states (India GDP per
capita by state, 2020). These low-wage employees in Jammu and its environs live in
overcrowded neighborhoods with inadequate sanitation. These labourers and other
communities live in squalid conditions in slums and other regions that have been
designated as slums. Jammu city and its outgrowths contain eleven notified slums,
according to the Jammu Master Plan 2032. Overcrowding in these places may exacerbate
the lack of safe drinking water and insufficient sanitation, as well as cause diarrheal
outbreaks. Only one study on WASH conditions in slums in Jammu, Jammu and Kashmir
IS accessible (Sangra et al., 2020), but no studies on water potability or risk assessment of
ETEC in drinking water or waste water are available. Nonetheless, there are limited
research on E. coli identification in the Jammu region. E.coli has been found in river
samples (Mahajan et al., 2018), while EHEC and EPEC have been found in drinking
water in one investigation (Najimaana et al., 2012). EHEC was found in river samples
from the Jammu region by Padha (2021). Water samples gathered from several districts
of Jammu failed to meet BIS criteria, according to a story published in the newspaper
Daily Excelsior on November 20th, 2019.

The emergence and spread of bacterial resistance to frequently used antibiotics
has sparked widespread alarm. In this regard, many governments have created resistance
monitoring systems in order to protect the health of both humans and animals.
Antimicrobial therapy is frequently required to treat infections caused by this bacterium.
Antibiotic resistant genes have spread rapidly, aided by mobile genetic elements such as
plasmids and transposons, resulting in the establishment of multidrug resistant (MDR)
strains of many therapeutically relevant species, leaving doctors with few treatment

options.

As ETEC is one of the most important diarrheal agents and slum area conditions
facilitate transmission of such diarrheal agents, this study was conducted with the

following objectives:

1. To assess the drinking water and waste water of slums of Jammu for
Enterotoxigenic Escherichia coli.



3.

To assess the dog faecal samples of slums of Jammu for Enterotoxigenic
Escherichia coli

To determine the antibiotic resistance of Escherichia coli isolates.
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CHAPTER-2
REVIEW OF LITERATURE

Because water covers the majority of the earth's surface, it is the most precious
resource. Fresh water makes up only 2.5% of total water, and the majority of it is frozen
and inaccessible, with less than 1% of fresh water, such as lake water, river channels, and
underground water, being accessible. World Water Day was founded on March 22nd,
1992, following the Earth Summit in Rio de Janeiro, Brazil, to highlight the importance
of water as a valuable resource that is vital for living. Health is a valuable commodity
that demands utmost care. Water and health are two invaluable resources that, when
combined, boost the chances of progress.

Waterborne illnesses have been documented from ancient times, with descriptions
occurring in the 'Sushruta Samhita,” a Sanskrit literature produced in India between 500
and 400 B.C. (Colwell,1996). Waterborne illnesses can harm a significant number of

individuals in a short amount of time if contaminated water is used (Mellou et al., 2014).

Pathogens can contaminate a variety of water sources, including natural and
manmade sources used by humans and animals (Adzitey et al., 2015). In the
underdeveloped world, children and adults suffer from infectious diarrheal disease on a
regular basis, with water being the most common source of pathogen exposure (Sobsey et
al., 2003). According to the World Health Organization (WHO), 2 million deaths
worldwide are caused by waterborne infections each year, with the majority of these
deaths occurring in children under the age of five (WHO, 2017). In India, diarrheal
ilinesses are the third greatest cause of pediatrics mortality, accounting for 13% of all
deaths in children under the age of 5 (Lakshminarayanan and Jayalakshmy, 2015). Due to
faecal contamination of waterbodies, which renders them microbiologically unsafe for
consumption, waterborne infections are the most common cause of morbidity and
mortality in both underdeveloped and developing countries, with 80% of infectious
diseases being waterborne in India (Saxena et al., 2015). Untreated waste is thought to
account for a quarter of all waste for contaminating three-quarters of India's surface water

resources, contributing to 75-80% of water pollution (Anonymous, 2016).



While studying the intestinal flora of newborns, Dr. Theodor Escherich, a
German-Austrian doctor, isolated E. coli and named it Bacterium coli commune in 1885.
(Shulman et al., 2007). Bacterium coli commune was called Escherichia coli by
Castellani and Chalmer in 1919. (Castellani and Chalmer, 1919).

Shardinger proposed E. coli as a marker organism for faecal pollution in water in
1892, citing the bacterium's origins in human and animal faeces and its absence from
other specializations. As a result, the presence of E. coli in water suggests recent faecal
contamination and is a component of the coliform index, which includes bacterial species
that are used to determine sanitary hygiene (Leclerc et al., 2001). Approx. 109 E. coli
germs have been found in one gram of faeces (Payment et al., 2003). Coliform bacteria,
which include the genera Escherichia, Citrobacter, Enterobacter, and Klebsiella, were
once thought to signify faecal pollution in water; however, Citrobacter, Enterobacter,
and Klebsiella have been discovered to be extensively distributed in nature and are not
usually connected with the gastrointestinal tract of warm-blooded animals (Martin et al.,
2016). This gave rise to the idea of 'faecal coliforms," a subtype of coliform bacteria that
can grow at a higher temperature (44.5°C) (thermotolerant coliforms) and is a better
diagnostic of faecal contamination than coliforms. E. coli is the most significant bacterial
genera of the 'faecal coliforms' group, as it is exclusively linked with the gastrointestinal
tract of warm-blooded animals, and its presence in water always implies faecal
contamination of water (Cabral, 2010). E. coli shall not be detectable in any 100 ml
sample of drinking water, according to WHO bacteriological drinking water
recommendations (WHO, 2017).

Despite the fact that E. coli is a commensal bacteria found in the intestines that
rarely causes disease in its host, distinct E. coli pathotypes have emerged that cause
gastrointestinal and systemic infections in humans. Diarrheagenic E. coli is a phrase that
refers to E. coli pathotypes that cause intestinal disease (DEC). The six pathotypes
discovered in DEC are ETEC, VTEC, EIEC, EPEC, EAEC, and DAEC. Depending on
the type of infection, DEC can cause anything from mild diarrhea to severe hemorrhagic
colitis in humans (Park et al., 2018). The infectious dose of DEC varies by pathotype,

however it can be as low as 10 bacteria in the case of VTEC. The most common DEC



pathotypes that cause infectious diarrhea in young children in most poor countries are
EPEC, ETEC, and EAEC (Rajendran et al., 2010). Because routine microbiological and
biochemical analysis of E. coli isolates cannot identify and differentiate six DEC
pathotypes, identification techniques such as Polymerase Chain Reaction (PCR),
Radioimmunoassay (RIA), Enzyme-linked immunosorbent Assay (ELISA), Reversed
passive latex Agglutination (RPLA), RFLP (Restriction Fragment Polymorphism), and
Pulsed field gel electrophoresis (PFGE) are used.

ETEC

Traveler's diarrhea is caused by the ETEC bacteria. There are two types of
enterotoxins produced by it: heat-labile (LTs) and heat-stable (STs). ETEC strains can
have one or both of them. Increased chlorine secretion from secretory crypt cells is
caused by LT, resulting in diarrhea. STs are single-peptide toxins that fall into two
distinct categories: STa and STb enterotoxins, which differ in structure and mechanism of
action. Human disease has been linked to the STa class, which is a 2-kDa peptide with 18
or 19 amino acid residues. It stimulates secretion via increasing intracellular cGMP,
which activates cGMP-dependent and/or cAMP-dependent kinases. STb toxin is a 48-
amino-acid peptide with two disulphide linkages that is linked to animal illness (Nataro
and Kaper, 1998). STb increases cytosolic Ca2+ levels and stimulates the release of
prostaglandin E2 and serotonin, all of which can lead to enhanced ion secretion. ETEC
has a high infectious dose (106 organisms) and an incubation period of 12—72 hours. It is
the leading cause of death in children under the age of five in poor countries (Percival et
al.,2004). ETEC is usually detected using PCR for the It and st genes, which encode the

LT and ST toxins, respectively.
Studies on WASH conditions and diarrheic cases in slums

For Jammu area of Jammu and Kashmir, one study by Sangra et al. (2020) is
reported. Study was conducted in urban slums of Trikuta Nagar, Jammu to assess WASH
conditions. Study reported that 60% of household members were getting water from tube
well/bore well, 82.5% of household members were using improved source of water,

21.5% of individuals treat their water through boiling, 49.5% of individuals used



improved sanitation facilities, 90% of households were using shared toilets and stool of
51.72% of children under the age of 3 years who were not using toilets were disposed off

safely.

Mathur et al. (2019) conducted a study related to WASH programme in rural as
well as slums of Ujjain, India. Randomly 2830 households were selected and 1181
households meet eligibility criteria of having children less than 5 years. A total of 1571
children participated including 858 children from nine rural villages and 713 children
from four urban slums. 60% of households used hand-pump as source of drinking water
and 71% of households filtered water by simple cloth before storing. 93% households
had a toilet in their houses but only 23% children used them. From total, 521(33%)
children were suffering with acute diarrhea.

Adane et al. (2017) carried out a community based cross-sectional household
survey on sanitation facilities, hygienic conditions and prevalence of acute diarrhea on
children under five years age in 2014 in Addis Ababa. 697 children of age group 0-50
months from two districts were selected. The survey reported that the prevalence of acute
diarrhea in children of age group 0-50 months was 11.9% and 94.6% of sanitation
facilities were unimproved. This study observed that the environment of slum was at high
risk for diarrhea because of close proximity of sanitation facilities to homes, sharing of
sanitation facilities and poor hygienic condition of the sanitation facilities and housing

compounds.

Melo et al. (2008) conducted a study on diarrhea incidence in children of two
urban slums of Salvador in Brazil. 42 children younger than 40 months from each slum
were selected and information from their parents about the occurrence of diarrhea on
present day or on previous day was collected. The findings revealed that the prevalence
of diarrhea at the moment of first visit was 3.6%, about 2.8 episodes per child per year.
25% of children did not experience any episode of diarrhea during whole observation
period. On an average 5.9% children were affected per month. About 11.1 days of

diarrhea per child per year was reported.
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Studies on ETEC in human diarrheic cases

Nycz et al. (2020) conducted a study on enteropathogenic E. coli in pediatric
patients in which 5692 stool samples of children were collected from October 2015 to
October 2017. They took samples for testing with the Bio Fire FilmArray Gastrointestinal
Pathogen Panel (GIP). Among 5692 stool samples, 58(1%) were positive for ETEC. Out
of 58 ETEC positive patients, 49 (85%) were coinfected with other pathogens also.

Singh et al. (2019) carried out a cross-sectional study on DEC between January
2008 and December 2012 in two institutions at Belgaum, Karnataka. 300 stool samples
from diarrheic patients were analyzed. 198(66%) E. coli isolates were detected. On

virulence gene typing, ETEC (13.6%) was third predominant DEC pathotype.

Moharana et al. (2019) carried out a study on 320 diarrheic children under five
years of age. From 320 cases, 77 were positive for DEC including 40 (51.9%) ETEC.
More than 60% of DEC were resistant to 3 generation cephalosporins and

fluoroquinolones.

Trainor et al. (2016) carried out a study of detection of ETEC in hospitalized
acute gastroenteritis children under 5 years of age at Queen Elizabeth Central Hospital
(QECH), Blantyre Malawi in between July 1997 and June 2007. Other Children of same
age group admitted in QECH for acute medical illness other than gastroenteritis were also
selected (July 1997-June 1999). The total number of diarrheal samples collected was
1941. QIA symphony (Qiagen) was used to detect ETEC by extracting nucleic acid from
10% faecal suspension for detecting ETEC heat labile (LT) and heat stable (STh and
STp) enterotoxins. Out of 1941 diarrheal samples, ETEC were detected in 205 (10.5%)
samples. During 1997-1999, ETEC prevalence was higher in children with diarrhea
rather than without diarrhea. The most common ETEC toxin in diarrheic cases was STh
(6.6%) followed by LT (2.1%) and then STp (0.9%).

Bonkoungou et al. (2013) conducted a study on childhood diarrhea between
January 2009 and January 2010 at Central Mediacl Antenne Chiruicale. They collected
stool samples of 283 children suffering from diarrhea and 60 non-diarrheic children

(control); all children were under 5 years of age. For the detection of DEC, the stool
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samples were cultured on Sorbitol MacConkey Agar and followed by PCR for
identification of ETEC. DEC were identified in 67 (24%) diarrheic cases and 4 (7%) non-
diarrheic cases with ETEC in 10 (4%) and 0 cases, respectively. Among DEC, ETEC was

at 3" in causing diarrhea among children under 5 years of age.

Dutta et al. (2013) conducted a study on prevalence of DEC in which they
collected 3826 stool samples of all age group patients suffering from acute diarrhea from
January 2008-December 2011 in hospitals of Kolkata. Out of 3826 patients, 863 were
children less than 2 years of age. For isolation and identification of DEC, stool samples
were plated on MacConkey agar and identification of DEC was done using PCR (eltB
and estB for ETEC). 452 patients were positive for DEC. 164 patients out of 452 were
positive for ETEC including 27 children below 2 years of age.

Rodas et al. (2011) conducted a study on ETEC on hospitalized children under 5
years of age with diarrhea from 2002 to 2006 in La Paz, Bolivia. 853 samples from non-
bloody diarrhea affected children were analyzed. For detection of ETEC, the study used
GML1 ELISA, multiplex PCR and dot blot. Out of 853 samples, 79 were positive for
ETEC. Among ETEC strains, It toxin was most common. Antimicrobial resistance was
highest for ampicillin (53.5%) followed by ampicillin-sulbactam (46.5%), trimethoprim-
sulfamethoxazole (32.5%), tetracycline (28%), and chloramphenicol (14%).

Rajendran et al. (2010) carried out a study on pathotypes of DEC in children in
Vellore, in which they selected 394 children less than 5 years suffering with acute
diarrhea and 198 children as control. From 394 diarrheic samples, 203 (52%) DEC
isolates were found. Out of 198 control children, 126 (63%) DEC pathotypes were found.
Among cases and controls, ETEC was detected as 16 (4.1%) and 8 (4%) respectively.

Moyo et al. (2007) conducted a cross-sectional study on identification of DEC
among children of age less than 5 years (n=280) admitted to hospitals due to diarrhea
from December 2005 to February 2006. Out of 280 children, 10 (3.6%) were infected
with ETEC. The detected strains of ETEC had either toxins stla or stlb but not both.

Nguyen et al. (2006) started a study on etiology and epidemiology of diarrhea in
children from March 2001 to April 2002 in Hanoi Vietnam. 836 children of age group 0-
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60 months were selected including 587 children suffering from diarrhea and 249 children
having no any diarrheal episode since last one month. For identification of pathogens,
they carried out conventional methods in combination with ELISA, immunosuppression,
and PCR. In this study, the second most prevalent pathogen for causing diarrhea is
Diarrheagenic E. coli (The first most prevalent pathogen was Group A rotavirus). Among
DEC, ETEC was isolated from 13 (2.2%) diarrheic cases while 1 sample from non-

diarrheic children.
Studies on ETEC in water sources and waste water

Padha et al. (2021) investigated the various water sources in the Jammu region. A
total of 141 water samples were tested (43 rivers, 28 ponds, 10 lakes, 40 municipal
supplies, and 20 wells). Following PCR, 56 samples (27 river, 20 pond, and 9 lake
samples) were found to be positive for E. coli and 146 E. coli isolates were collected
from 81 natural water sources. None of the 146 isolates tested positive for the It, stla,
stlb, or eaeA genes, but five (3 river and two pond samples) tested positive for stx1, and
one isolate tested positive for stx2. 15 samples (13 municipal supply and 2 wells) were
positive for E. coli, and 43 E. coli isolates were recovered from 60 samples taken from
sources meant for human consumption. The It, stla, stlb, eaeA, stx1 and stx2 genes were

not found in any of the 43 isolates.

Roman et al. (2019) conducted a study on DEC from January to December 2015.
472 samples including 429 samples from irrigation canal, 29 from river water, 9 from
dike water and 5 from dam water were analyzed. 43.6% samples were positive for E. coli.
Of 43.6% E. coli isolates, DEC was isolated only in 14% samples and among 14% of
DEC, 6.89% were ETEC. In study, half of strains were resistant to cefotaxime (48%),
followed by ampicillin (44%), tetracycline (38%), sulfamethoxazole-trimethoprim (14%),
ceftazidime (10%) and gentamicin (7%). The ETEC isolates strains presented resistance

to tetracycline ampicillin (7%), and trimethoprim-sulfamethoxazole (4%).

Harada et al. (2018) conducted a study in Bangladesh investigating the
occurrence of E. coli pathotypes in sanitary wastewater as well in drinking water (tube

well and stored drinking water) in an urban slum. From the samples of deep tube well
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water, no E. coli were detected, but 17 out of 18 stored drinking water samples were
positive for E. coli. The study showed that during storage the drinking water gets
contaminated. Through multiplex PCR, and dual index sequencing, 14 virulence genes
from the 621 E. coli isolates were analyzed. ETEC was not detected in any stored water
sample while sanitary wastewater was positive for ETEC. Stlb was the dominant

pathotype among sanitary wastewater.

Too et al. (2016) conducted a study on faecal contamination of drinking water
between 2013 and 2014 in Kericho district in Western Kenya. During this study, water
samples were collected from 103 households. Samples were incubated on lauryl sulphate
agar at 44-46°C for 18-24 hours for thermotolerant coliform (TTCs). E. coli were
confirmed using lactose pentose water and indole test. ETEC were identified using
multiplex PCR. Out of 103 households, 48(46.6%) households were positive for TTCs
and 5 (10.4%) were positive for pathogenic E. coli. Out of 5 pathogenic E. coli, 2 (40%)
were ETEC. The pathogenic E. coli in this study were resistant to commonly used
antibiotics in Kenya i.e., sulfamethoxazole/trimethoprim, ampicillin, tetracycline and

sulbactam.

Gumus et al. (2015) investigated the presence of several E. coli pathotypes in
Istanbul, Turkey. A total of 134 water samples were collected and evaluated for ETEC,
EHEC, and EPEC from the taps and water tanks of two separate medical hospitals, as
well as fifty different branded drinking water spring samples. E. coli was found in two
water tank samples and one spring water sample. None of them tested positive for EHEC

or EPEC, however one E. coli sample from drinking water tested positive for the It gene.

Nontongana et al. (2014) conducted a study on the prevalence of Escherichia coli
pathotypes from the Kat river in South Africa. Samples were collected from five sites
once a month for three months. The membrane filtration technique was used. From study,
a total of 278 E. coli isolates were analyzed for the presence of pathotypes using PCR.
ETEC was the most prevalent pathotype accounting for 47% of the isolates. Approx. 98%
of isolates were 100% susceptible to norfloxacin followed by amikacin (97%), then
ciprofloxacin (93%), streptomycin (77%), tetracycline (75%) and chloramphenicol
(73%).
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Akter et al. (2013) conducted a study on major water bodies in Bangladesh. They
collected 46 water samples including 35 from fresh water sites and 11 from
marine/brackish sites. ETEC was the most prevalent pathotype among DEC. ETEC
prevalence during winter, summer and rainy season was 63%, 61% and 76%,
respectively. In case of marine samples, ETEC was most prevalent in winter (46%) as
well as in rainy season (37%) while in case of fresh water sites, ETEC was the most

prevalent during summer (86%) and rainy season (72%).

Taneja et al. (2012) conducted a study on the relationship between drinking water
and acute gastroenteritis due to ETEC in Chandigarh. They collected 364 water samples
(251 semi urban, 72 urban and 41 from rural area). 116 (31.8%) samples were
contaminated with faecal coliforms (58.5% rural, 33.4% semiurban and 11.1% of
samples from urban areas). 92 isolates of E. coli were tested for detection of It through
reverse passive agglutination method and st through ELISA. Out of 92, 8 and 24 were

positive for It and st, respectively.

Taneja et al. (2011) conducted a study on faecal contamination of drinking water
supplies in and around Chandigarh. They collected 364 water samples from semi urban
area (n=251) followed by urban (n=72) and rural area (n=41) from different sources viz.,
water pumps (n=12), water stand posts (n=47), public taps (n=206), stored water (n=37),
mineral water bottles (n=6), tube wells (n=13), hand pumps (n=35), village wells and
ponds (n=8). Out of 364 samples, 116 (31.8%) samples were positive for faecal
coliforms, out of which 58 samples were used for isolating E. coli. 92 E. coli were
obtained which were screened for ETEC and 8 were positive for It, 24 were positive for st
and 4 ETEC strains produced both It and st. ETEC were found to be maximum for stored

water samples followed by ponds and public taps.

Ram et al. (2008) investigated to determine the virulence gene in surface water
isolates of Escherichia coli from Gomti river. A total of six samples from different sites
of river were collected three times. From this study, a total 90 isolates of E. coli were
obtained and subjected to PCR to detect virulence genes. Results shows that It and st

genes were positive in 21.2% of isolates.
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Pathak and Gopal (2008) conducted a study in Lucknow for ETEC in treated
drinking water from 11 residential, 6 commercial and 3 industrial areas of Lucknow. The
study revealed that the water contamination of residential area with E. coli was highest
(59%). For detection of entero toxigenicity of E. coli isolates (n=10), suckling mouse

bioassay was used. 60% of test isolates were found to be enterotoxigenic.

Begum et al. (2007) carried out a study for comparison of ETEC isolated from
surface water and diarrheal stool samples. They collected water samples from February
2001 to September 2001 twice every month from Dhaka city and Matlab rural field. They
collected 94 water samples around Dhaka city and 56 samples from Matlab area. They
also collected 1156 stool samples from patients of Matlab area and 1544 from Dhaka
city. Then fresh stool and water samples were plated on MacConkey agar. For
confirmation of ETEC freshly cultured colonies were tested for presence of toxins by
GML1 ELISA procedure. From 94 water samples from the Dhaka and 56 samples from
Matlab, ETEC was isolated from 29 samples and 16 samples, respectively. From total 45
ETEC strains, 30 strains were positive for st, 11 for both It and st, and 4 for It. From 1156
stool samples of Matlab patients, 212 ETEC strains were isolated while from 1544 stool

samples of Dhaka 306 ETEC strains were isolated.

Begum et al. (2005) conducted a study for isolating ETEC from surface water in
Bangladesh. 107 samples were obtained from seven water sources in and around Dhaka
(five ponds and two rivers) as well as four sources in Matlab (one river, one lake, and two
ponds). The technology utilized was membrane filtration. ELISA was used to assess
E.coli isolates for heat-labile toxin (LT) and heat-stable toxin (ST). ETEC was isolated
from 32% of the samples (34/107), and it was discovered that 65 percent of ETEC
produced only heat stable toxin (ST), 9% produced only heat-labile toxin (LT), and 26%

produced both heat-labile and heat-stable toxins.
Studies on DEC in dogs

Vega-Manriquez et al. (2020) conducted a study on transmission of pathogenic E.
coli through dogs in Mexican city of San Luis Potosi. They analyzed 30 dog samples

including 13 diarrheal and 17 non-diarrheal dogs. 6 diarrheic and 7 healthy dog samples
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yielded E. coli. From 13 positive samples, 85 E. coli isolates were obtained. Among 46
isolates from healthy dogs, 39 isolates were positive for any of eaeA, st or stx1 genes
while 7 isolates have combination of virulence genes (eaeA/st, eaeA/stx1 and st/stx1).
Among 39 strains from diarrheic dogs, 24 were possessing eaeA. 30% of E. coli strains
were resistant to penicillins, parenteral cephalosporins and folate inhibitors while all E.
coli strains were sensitive to carbapenems, nitrofurantoins, monobactams,

fluoroquinolones and phosphomiocins.

Askari et al. (2020) undertook a study in Kerman Province, in the southeast of
Iran, to identify the virulence genes linked to diarrheagenic E. coli strains detected from
healthy pet dogs, and their owners. A total of 49 healthy domestic dogs and their owners
produced 168 E. coli isolates. As a control group, 70 isolates were gathered from non-pet
owners. The most prevalent pathotypes identified in dogs, their owners and controls by
PCR were EIEC (6.1%), EHEC (4.08%) and EPEC (8.5%), respectively. Both the dog
and its owner from one of the houses under the study had E. coli strains with the same
pathotype EHEC. Even people who don’t own pets seemed to be a significant source of

intestinal pathotypes for their environment, particularly EPEC.

Hammermueller et al. (1995) conducted a study at Ontario Veterinary College in
Canada, in this study faeces samples from dogs with and without diarrhea were analyzed.
The results showed that 20 of the 45 dogs with diarrhea had stla (26.7%) and stlb (4.4%)
in their E. coli isolates, stla and stlb genes were not found in non-diarrheic dogs. Heat

labile (It) gene was not found in faecal samples from dogs with or without diarrhea.
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CHAPTER-3
MATERIALS AND METHODS

3.1  Sampling

One hundred twenty samples comprised of drinking water (n=75), waste water
(n=25) and dog faecal samples (n=20) were collected from six slums of Jammu district.
Samples were collected aseptically in sterilized sampling bottles with proper ice packs
and were processed at Division of Veterinary Public Health and Epidemiology, Faculty
of Veterinary Sciences and Animal Husbandry, SKUAST-J, R.S.Pura, Jammu. Table 1
shows number of samples with respective areas. Samples were collected from September

2021 to May 2022.

Table 1: Location, type and number of samples for isolation and identification of E.

coli

S.No. | Site Name No. of No. of No. of Latitude | Longitude

Drinking Waste Dog

water water faecal
samples | samples | samples

1. | Dhounthly 10 5 4 32.743226 | 74.873580
2. | Rajiv nagar 13 4 3 32.719258 | 74.890138
3. | Qasim nagar 12 3 3 32.719445 | 74.889909
4. | Sheikh nagar 12 3 3 32.719441 | 74.889920
5. | Kalka colony 14 5 3 32.720292 | 74.875578
6. | Pata paloura 14 5 4 32.751621 | 74.815281

Total 75 25 20
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3.2 Media, Reagents and Biologicals
3.2.1 MacConkey Broth (Double strength) (HiMedia) (Catalogue No. M539-500G)

Ingredients Gms/litre of media

Peptone 40.00
Lactose 20.00
Bile salts 10.00
Sodium chloride 10.00
Neutral red 0.15

Heat was applied to completely dissolve the 80.15 grams of dehydrated media
that was suspended in 1000ml of distilled water. The media was autoclaved for 15

minutes at 121°C and 15lbs of pressure to sterilise it.

3.2.2 MacConkey Agar (HiMedia) (Catalogue No. MO0BE-500G)

Ingredients Gms/litre of media

Peptone 20.00
Sodium chloride 5.00
Lactose 10.00
Bile salts 5.00
Neutral red 0.07
Agar 15.30

Heat was applied to completely dissolve the 55.37 grams of dehydrated media
that was suspended in 1000ml of distilled water. The media was autoclaved for 15

minutes at 121°C and 15Ibs of pressure to sterilise it.

3.2.3 EMB Agar (HiMedia) (Catalogue No. M317-500G)

Ingredients Gms/litre of media

Peptone 10.00
Dipotassium hydrogen phosphate 2.00



(b)

Plate 1: Collection of drinking water samples



(b)

Plate 2: Collection of waste water samples



Plate 3: Collection of dog faecal sample

R,

Plate 4: Data collection related to WASH
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Lactose 5.00
Saccharose (Sucrose) 5.00
Eosin Y 0.40
Methylene blue 0.065
Agar 13.50

Heat was applied to completely dissolve the 35.96 grams of dehydrated media
that was suspended in 1000ml of distilled water. The media was autoclaved for 15

minutes at 121°C and 15Ibs of pressure to sterilise it.

3.2.4 Nutrient Agar (HiMedia) (Catalogue No. M001-500G)

Ingredients Gms/litre of media

Peptic digest of animal tissue 5.00
Beef extract 1.50
Yeast extract 1.50
Sodium chloride 5.00
Agar 15.00

Heat was applied to completely dissolve the 28.0 grams of dehydrated media that
was suspended in 1000ml of distilled water. The media was autoclaved for 15 minutes at

121°C and 15lbs of pressure to sterilise it.

3.3 Isolation of Escherichia coli

For isolation of E. coli from waste water samples, 1ml sample was added in single
strength MacConkey’s broth (HiMedia, India) followed by incubation for 24 hrs at 37°C.
For drinking water samples, samples were subjected to membrane filtration method by
using sterile Gridded cellulose nitrate membrane having diameter 47mm and pore size
0.22 micron (HiMedia, India). The membrane was put into the double strength
MacConkey’s broth and incubated for 24 hrs at 37°C. For dog faecal samples, faecal
samples were swabbed in single strength MacConkey’s broth and incubated for 24 hrs at
37°C. After incubation, the broths were analysed for change in colour to identify growth

(yellow colour) and presence of gas bubbles in durham tubes (durham tubes were present
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in all big tubes) which shows the presence of lactose fermenter. The tubes showing
yellow colour growth and gas, were picked for further isolation and identification of E.
coli. From each positive, the inoculum was streaked on eosin methylene blue (EMB) agar
(HiMedia, India) and incubated at 37°C for 24 hours. The dark purple colonies having
greenish metallic sheen were presumed to be E. coli. From each EMB plate, 2-3
presumed colonies were picked and purified on nutrient agar plates for further

confirmation by gram staining and biochemical tests.
FLOW DIAGRAM FOR E. coli ISOLATION FROM DIFFERENT SAMPLES

Samples

|

Drinking water samples were first subjected to membrane filtration method, membrane
added into double strength MacConkey broth/1ml Waste water samples directly added
into single strength broth/Dog faecal samples were also directly added into single
strength MacConkey broth and incubated at 37°C for 24 hrs

Observed for change in colour (yellow) and gas bubbles captured inside durham tubes

Tubes giving yellow colour and presence of gas bubbles inside durham tubes were
selected

Selected tubes were streaked on EMB agar plates and incubated at 37°C for 24 hrs

On EMB agar plates, colonies with a metallic sheen or a dark purple colour were chosen
for further investigation

On nutrient agar plates, suspected colonies were streaked, and they were then incubated
at 37°C for 24 hrs

Further Gram’s staining and biochemical characterization
Gram (-), Catalase test (+), Oxidase test (-), IMVIC (+ + - -)

Molecular analysis (PCR)



Plate 5: Growth of lactose fermenter in MacConkey broth

Plate 6: Growth of E. coli on EMB agar



Plate 8: Growth of E. coli on Nutrient agar



21

3.4 Morphological and Biochemical analysis

For confirmation, Gram's staining and biochemical assays were performed on

suspected E. coli isolates purified on nutrient agar.
3.4.1 Gram’s staining

A thin smear in sterilised normal saline solution was made and heat glued on a
grease-free slide. On a fixed smear, crystal violet stain (HiMedia) was allowed to sit for 1
minute before being washed with tap water, and then Gram's iodine (HiMedia) was
allowed to sit for 1 minute before being washed with water. The smears were decolorized
with acid alcohol for 15-20 seconds, then counterstained with safranin (HiMedia) for 30
seconds before being washed under tap water. Air dried smears were examined under a
microscope. Short rods and coccobacilli in Gram negative reactions were presumptively

positive for E. coli.
3.4.2 Biochemical analysis

Biochemical reactions were determined by picking colonies from nutrient agar

plates and testing them as follows:
3.4.2.1 Catalase test

On a clean, grease-free glass slide, a drop of 3 percent (v/v) hydrogen peroxide
was placed. With the use of a wooden toothpick, the suspected colony was chosen and
added. The development of gas bubbles within 30 seconds indicates a positive test. E.

coli is catalase positive.
3.4.2.2 Oxidase test

Using an oxidase disc (Himedia), the isolates were picked up and examined for
the oxidase reaction. A tiny amount of culture was smeared over the oxidase disc with a
wooden toothpick. The appearance of violet colour within 30 seconds indicates a

favourable reaction. E. coli is oxidase negative.
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3.4.2.3 Indole test

A loopful of suspected bacterial colony was cultured for 24 hours at 37°C in test
tubes containing 5 mL tryptone broth (Himedia), then a few drops of Kovac's reagent
were added (Hi-media, India). The presence of a red ring indicates that indole is being

produced. E. coli is indole positive.
3.4.2.4 Methyl-Red (MR) test

A loopful of suspected isolates were inoculated in tubes containing 5 ml glucose
phosphate peptone broth (Hi-media) and cultured at 37°C for 48 hours, after which 5
drops of methyl red solution were added from the test tube's side. The immediate
appearance of a red colour ring was regarded as a positive MR test result. For the methyl

red test, E. coli is positive.
3.4.2.5 Voges-Proskauer (VP) test

Suspected isolates were inoculated into tubes containing 5 mL of glucose
phosphate peptone broth (Hi-media) and cultured for 48 hours at 37°C. Barrit's reagent
solution A and B (Hi-media) were added after incubation. For the VP test, the appearance
of cherry red colour was positive. The VP test, which produces a yellow-brown colour, is

negative for E. coli.
3.4.2.6 Citrate utilization test

Slants of Simmon's citrate medium (Hi-media, India) were created for citrate use.
For 24 hours, cultures were streaked on slants and incubated at 37°C. A colour transition
from green to blue is considered positive, whereas no colour change is considered

negative. Citrate utilisation is negative in E. coli strains.

Finally, E. coli isolates with a greenish metallic sheen on the EMB, Gram
negative rods, positive Indole test, positive methyl red test, negative VP-test, and
negative citrate utilisation were identified. E. coli isolates were also treated to a

polymerase chain reaction (PCR) molecular analysis to determine that they were E. coli.



Plate 9: Gram staining of E. coli (1000X)

Positive

Plate 10: Catalase test (E. coli are catalase positive)
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Plate 11: Oxidase test (E. coli are oxidase negative)
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Plate 12: Indole test (E. coli are Indole positive)
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Plate 13: Methyl Red test (E. coli are Methyl red positive)



Plate 14: Voges Proskauer test (E. coli are VVoges Proskauer negative)
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Plate 15: Citrate utilization test (E. coli are Citrate negative)
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3.5 Molecular confirmation of E. coli isolates

Uniplex-PCRs were used to detect the It, stla and st1b genes in all E. coli isolates.
The Gene Amp PCR System 9700 thermal cycler was used to do uniplex-PCR. Table 2-4

lists the primers and expected lengths of PCR amplification products.

3.5.1 Extraction of DNA

Boiling-snap chilling method was used to extract DNA. E. coli isolates were
streaked on nutrient agar and cultured for 24 hours at 37°C. Next day, a sterile
microcentrifuge tube was filled with 1 ml NSS and a peanut-sized inoculum from a
growing colony was added. Then centrifuge it for 5 minutes at 5000 rpm. The resulting
supernatant was discarded and 500 pl molecular grade water was added in
microcentrifuge tube. Microcentrifuge tubes were placed in a hot water bath (95°C) for
10 minutes. From hot water bath, tubes were immediately shifted into deep freezer (-
20°C) for 10 minutes followed by centrifugation for 5 minutes at 10,000 rpm. The
resulting supernatant was stored at -20°C and utilised as template DNA in PCR

experiments.

Table 2: PCR details for detection of It gene

Forward primer (It forward)

Primers 5~ TCTCTATGTGCATACGGAGC -3’
(Guion et al., 2008) Reverse Primer (It reverse)

5’—~ CCATACTGATTGCCGCAAT -3’

1x PCR Buffer (Promega, USA)

MgClz - 1.5mM
PCR reaction mixture dNTP each — 200uM
(25ul) Primer each — 0.2uM
Taq polymerase — 1 unit
Template — 2ul

Initial denaturation — 95°C for 2 min

30 cycles of denaturation - 95°C for 30 sec,
PCR conditions annealing - 56°C for 45 sec and

extension 72°C for 30 sec,

Final extension — 72°C for 5 min

Specific base pair 322bp




Table 3: PCR details for detection of stla gene
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Primers
(Guion et al., 2008)

Forward primer (stla forward)
5>-TTTCCCCTCTTTTAGTCAGTCAA -3’
Reverse Primer (stla reverse)

5~ CAGGATTACAACACAATTCACAGCAG -3’

PCR reaction mixture
(25ul)

1x PCR Buffer (Promega, USA)
MgCl; — 1.5mM

dNTP each — 200puM

Primer each — 0.2uM

Taq polymerase — 1 unit
Template — 2ul

PCR conditions

Initial denaturation — 95°C for 2 min

30 cycles of denaturation - 95°C for 30 sec,
annealing - 55°C for 45 sec and

extension 72°C for 45 sec,

Final extension — 72°C for 5 min

Specific base pair

159bp

Table 4: PCR details for detection of stlb gene

Primers
(Guion et al., 2008)

Forward primer (stlb forward)
5'-TGCTAAACCAGTAGAGTCTTCAAAA -3’
Reverse Primer (stlb reverse)

5’—- GCAGGATTACAACACAATTCACAGCAG -3’

PCR reaction mixture
(25ul)

1x PCR Buffer (Promega, USA)
MgCl; — 1.5mM

dNTP each — 200uM

Primer each — 0.2uM

Taq polymerase — 1 unit
Template — 2ul

PCR conditions

Initial denaturation — 95°C for 2 min

30 cycles of denaturation - 95°C for 30 sec,
annealing - 55°C for 45 sec and

extension 72°C for 45 sec,

Final extension — 72°C for 5 min

Specific base pair

138bp




Plate 16: PCR amplification of It gene
(Lane M: Marker, 1: Positive control, 2: Negative control, 3-7 Sample isolates)

i

Plate 17: PCR amplification of stla gene
(Lane M: Marker, 1: Positive control, 2: Negative control, 3-7 Sample isolates)
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Plate 18: PCR amplification for stlb gene
(Lane M & M: Markers, 1: Positive control, 2: Negative control, 3-6: Sample
isolates)
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3.5.2 Analysis of PCR products

Agarose gel electrophoresis was used to examine the amplified products. 1.5%
(for >200bp size) or 2% (for <200bp size) agarose gel in 1X TAE buffer with ethidium
bromide @ 0.5g/ml of gel were used. In a Hoefer electrophoresis machine, the agarose
gel was electrophoresed in 1X TAE buffer at 8V/cm using a 100 bp gene ruler as a
marker. The Eppendorf gel documentation machine was used to photograph the agarose

gels.
3.6  Antibiotic sensitivity assay of bacterial isolates

Antibiotic sensitivity testing was performed on E. coli isolates obtained in the
study using disc diffusion method as per standards of Clinical and Laboratory Standards
Institute (CLSI, 2012). Total 9 antibiotics viz., Amikacin (30mcg), Ampicillin (10mcg),
Ampicillin/Sulbactam (10/10mcg), Cefixime (5mcg), Ciprofloxacin (5mcg), Gentamicin

(10mcg), Norfloxacin (10mcg), Ofloxacin (5mcg) and Cefoperazone (75mcg) were used.

Briefly, confirmed E. coli colony was inoculated in Muller-Hilton broth for 4-6
hours at 37°C, till the turbidity equates to 0.5 McFarland standard. Using a sterile swab,
the growth was evenly swabbed on Muller-Hinton agar plates. The antibiotic discs (Hi-
Media) were placed on the agar at equal spaces. The plates were incubated for 24 hours at
37°C and zone of inhibition were measured. The results were interpreted as per standards

of Clinical and Laboratory Standards Institute (CLSI, 2012).
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Table 5: Antibiotics used in the study and their zone diameter interpretive

standards for Enterobacteriaceae as per CLSI,2021

Zone Diameter Breakpoints

S.No. Antimicrobial Agent Disc (Nearest whole mm)
content
S (>) | R (<)

1. | Amikacin (AK) 30mcg 17 15-16 16
2. | Ampicillin (AMP) 10mcg 17 14-16 13
3. | Ampicillin/Sulbactam (A/S) 10/10mcg 15 12-14 11
4. | Cefixime (CFM) 5mcg 19 16-18 15
5. | Cefoperazone (CPZ) 75mcg 21 16-20 15
6. | Ciprofloxacin (CIP) 5mcg 26 22-25 21
7. | Gentamicin (GEN) 10mcg 15 13-14 12
8. | Norfloxacin (NX) 10mcg 17 13-16 12
9. | Ofloxacin (OF) 5mcg 16 13-15 12

3.7 Data collection of water supply, sanitation and hygiene from study areas

To assess the water supply, sanitation and hygiene in study areas, the

questionnaire was developed from the WHO/UNICEF Joint Monitoring Programme

(JMP) for Water Supply, Sanitation, and Hygiene, 2018. The questions relevant to study

were selected from JMP. The questionnaire had ten questions, four of which were related

to water, four were related to sanitation and the remaining two were related to hygiene.

From each slum area, ten houses were chosen at random to acquire the data necessary for

the current study.




Plate 19: Antibiotic resistance of E. coli on Mueller Hinton Agar



27

Table 6: Questionnaire to assess Water Supply, Sanitation and Hygiene (WASH) in study

areas (WHO/UNICEF JMP, 2018)

S.No. | Questions Answers
Questions related to Water:
1. What is the main source of drinking Piped water
water for members of your household? Dug well
Water from spring
Rainwater collection
Delivered water
Water kiosk
Packaged water
Surface water (river, stream, dam, lake, pond,
canal, irrigation channel)
2. How long does it take to go there, get Members do not collect
water, and come back? Number of minutes
Household supply
3. Is water always available from your Yes, water is always available
main water source? No, water is available most of the time
No, water is available some of the time
No, water is rarely available
4, What do you usually do to the water to Boil

make it safer to drink?

Add bleach/chlorine
Strain it through a cloth
Let it stand and settle
Use water filters

Questions related to Sanitation:

5.

What kind of toilet facility do members
of your household usually use?

Flush/pour flush

Flush to piped sewer system
Flush to septic tank

Flush to open drain

Dry pit latrines

Container based sanitation
No facility/Bush/Field

Do you share this facility with others
who are not members of your family?

Yes
No

The last time your child passed stool,
what was done to dispose off the stool?

Child used toilet/latrine
Put/rinsed into toilet or latrine
Put/rinsed into drain or ditch
Thrown into garbage

Buried

Left in the open

Does your sanitation facility leak or
overflow wastes at any time of year?

No, never
Yes, sometimes
Yes frequently

Questions related to Hygiene:

9. Can you please show me where Fixed facility observed (sink/tap)
members of your household most often Mobile object observed (bucket/jug/kettle)
wash their hands? No handwashing place

10. | Observe availability of water and soap Water & soap/detergent available

or detergent at the place for hand
washing?

Water & soap/detergent not available
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CHAPTER-4
RESULTS

4.1  Objective 1: To assess the drinking water and waste water of slums of

Jammu for Enterotoxigenic Escherichia coli.

75 samples of drinking water and 25 samples of waste water were collected from
6 different slums of Jammu and processed for E. coli isolation to analyse the
contamination of drinking and waste water with ETEC. E. coli was found in 26 (34.6 %)
and 25 (100 %) drinking water samples and waste water samples, respectively. This

information is summarised in Table 7, 8 and 9.

Table 7: Occurrence of E. coli among drinking water and waste water samples

sampeype | N, ATEEE | N0 TSRS | g | NSl

Drinking water 75 26 34.67% 52

Waste water 25 25 100% 50
Total 100 51 51% 102

Table 8: E. coli isolation from drinking water samples in different slums

1. Dhounthly 10 6 60% 12
2. Rajiv nagar 13 30.77% 8
3. Qasim nagar 12 3 25% 6
4. Sheikh nagar 12 2 16.67% 4
5. Kalka colony 14 3 21.43% 6
6. Pata paloura 14 8 57.14% 16
Total 75 26 34.67% 52




Table 9: E. coli isolation from waste water samples in different slums
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S.No. Site name Noéa;fssrzgles No.:;s??ir\:leples Positive % C(I)\Ilioi.sgfla%cés

1. Dhounthly 5 5 100% 10
2. Rajiv nagar 4 4 100% 8
3. Qasim nagar 3 3 100% 6
4. Sheikh nagar 3 3 100% 6
5. Kalka colony 5 5 100% 10
6. Pata paloura 5 5 100% 10

Total 25 25 100% 50

A total of 102 E. coli isolates were isolated from 51 positive samples. These

isolates were subjected to uniplex PCRs for It, stla and stlb genes to detect ETEC. None

of the 102 isolates were positive for It, stla and stlb genes. In Table 10, the results are

tabulated and detailed.

Table 10: Results of E. coli isolates from water sources on pathotyping for ETEC

S No. sample type No. of I%[é;:feléisolates ETEC
It stla stlb
1. Drinking water 52 0 0 0
2. Waste water 50 0 0 0
Total 102 0 0 0

Objective 2: To assess the dog faecal
Enterotoxigenic Escherichia coli

samples of slums of Jammu for

To determine whether dogs of the slums are harboring ETEC, 20 dog faecal

samples from slums were collected and processed for E. coli isolation; all 20 samples

(100%) tested were positive for E. coli.




Table 11: Occurrence of E. coli among dog faecal samples
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sample type No. of samples | No. of s_gmples Positive % No_. of E. coli
analysed positive isolates
Dog faeces 20 20 100% 40
Total 20 20 100% 40

20 positive samples yielded a total of 40 E. coli isolates. PCR was used to test
these isolates. None of the 40 isolates were positive for It, stla, or stlb genes of ETEC. In

Table 12, the results are tabulated and detailed.

Table 12: Results of E. coli isolates from dog faecal samples on pathotyping for

ETEC
i ETEC
Sample tvpe No. of E. coli isolates
Pletyp tested
It stla stlb
Dog faeces 40 0 . ;
Total 40 0 . .

Objective 3: To determine the antibiotic resistance of Escherichia coli isolates.

Isolates of E. coli obtained from water and dog faecal samples were analysed by
in vitro antibiotic sensitivity test for 9 antibiotics. In the overall antibiotic sensitivity test,
E. coli isolates were sensitive to majority of all nine antibiotics. Overall highest
resistance was seen to norfloxacin (28.17%) and ofloxacin (16.9%), both of which are
commonly used by humans during diarrhoea (Table 13). The results for E. coli isolates
from different sample categories are tabulated in Table 14 to 16. Generally, isolates from

different categories have similar antibiotic resistance pattern.




Table 13: Results of antibiotic sensitivity assay of E. coli isolates (n=142)
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S.No. Ant|b|ot!c_ Concentration | Sensitive | Intermediate | Resistant
(Abbreviation)
_— 119 0 0
1. | Amikacin (AK) 30mcg (83.80%) 23 (16.20%) 0.0%
— 126 0 11
2. | Ampicillin (AMP) 10mcg (88.73%) 5 (3.52%) (7.75%)
Ampicillin/Sulbactam 119 0 16
31 (as) 1070meg | g3 8005) | 7 (A98%) | (11 270)
- 140 0 0
4. | Cefixime (CFM) S5mcg (98.59%) 0.0% 2 (1.41%)
133 0 0
5. | Cefoperazone (CPZ) 75mcg (93.66%) 4 (2.82%) 5 (3.52%)
6 Ciprofloxacin (CIP) Smc %8 31 (21.83%) 13
' P g (69.01%) 0370) 1 (9.15%)
- 142 0 0
7. | Gentamicin (GEN) 10mcg (100%) 0.0% 0.0%
8 Norfloxacin (NX) 10mcg & 27 (19.01%) 40
' (52.82%) ' (28.17%)
: 103 0 24
9. | Ofloxacin (OF) 5mcg (72.53%) 15 (10.56%) (16.90%)
120.00% B Sensitivity M Resistance
100.00%
o 80.00%
% 60.00%

40.00%

20.00%

0.00%
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Fig. No. 1:Bar diagram showing results of antibiotic sensitivity assay of overall E.
coli isolates (n=142)
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Table 14: Results of antibiotic sensitivity assay of E. coli isolates from drinking
water samples (n=52)

S.No. Ant'b'Ot!C. Concentration | Sensitive | Intermediate | Resistant
(Abbreviation)
o 44 o 0
1. | Amikacin (AK) 30mcg (84.62%) 8 (15.38%) 0.0%
. 48 0 0
2. | Ampicillin (AMP) 10mcg (92.31%) 1 (1.92%) 3 (5.77%)
Ampicillin/Sulbactam 42 0 7
3 1A 10720meg | a0 7706y | 3 GT7%) | (13 4505
4. | Cefixime (CFM) 5mcg 52 (100%) 0.0% 0.0%
49 0 0
5. | Cefoperazone (CPZ) 75mcg (94.23%) 1 (1.92%) 2 (3.85%)
. : 34 0 7
6. | Ciprofloxacin (CIP) Smcg (65.38%) 11 (21.15%) (13.46%)
7. | Gentamicin (GEN) 10mcg 52 (100%) 0.0% 0.0%
. 29 0 11
8. | Norfloxacin (NX) 10mcg (55.77%) 12 (23.08%) (21.15%)
: 41 0 7
9. | Ofloxacin (OF) 5mcg (78.85%) 4 (7.69%) (13.46%)
120.00%
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100.00%
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Fig. No. 2: Bar diagram showing results of antibiotic sensitivity assay of E. coli
isolates from drinking water samples (n=52)
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Table 15: Results of antibiotic sensitivity assay of E. coli isolates from waste water

samples (n=50)

S.No. | Antibiotic Concentration | Sensitive | Intermediate | Resistant
(Abbreviation)
1. | Amikacin (AK) 30mcg 41 (82%) 9 (18%) 0.0%
2. | Ampicillin (AMP) 10mcg 41 (82%) 3 (6%) 6 (12%)
3. | Ampicillin/Sulbactam 10/10mcg 42 (84%) 2 (4%) 6 (12%)
(A/S)
4. | Cefixime (CFM) 5mcg 48 (96%) 0.0% 2 (4%)
5. | Cefoperazone (CP2) 75mcg 46 (92%) 1 (2%) 3 (6%)
6. | Ciprofloxacin (CIP) 5mcg 33 (66%) 12 (24%) 5 (10%)
7. | Gentamicin (GEN) 10mcg 50 (100%) 0.0% 0.0%
8. | Norfloxacin (NX) 10mcg 17 (34%) 10 (20%) 23 (46%0)
9. | Ofloxacin (OF) 5mcg 30 (60%) 7 (14%) 13 (26%0)
120.00%
B Sensitivity ® Resistance
100.00%
80.00%
o
gao.oo%
2
40.00%
20.00% I I
0.00% i 0 - - O
\V‘Q $\ @")\ (ﬁ‘® \(3/9 \(’\Q\ (9%%\ @‘\3 \O<<\
¢ ¥ o~ ¢ & o & &
NG N @ & S 2 & §° 42
S S O
< o C R -Q‘o & N
YOS & ¢ &
&®
& Antibiotics used

Fig. No. 3: Bar diagram showing results of antibiotic sensitivity assay of E. coli
isolates from waste water samples (n=50)
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Table 16: Results of antibiotic sensitivity assay of E. coli isolates from dog faecal

samples (n=40)

Antibiotic . . . .
S.No. (Abbreviation) Concentration | Sensitive | Intermediate | Resistant
1. | Amikacin (AK) 30mcg 34 (85%) 6 (15%) 0.0%

- 37 . 0
2. | Ampicillin (AMP) 10mcg (92.5%) 1 (2.5%) 2 (5%)

Ampicillin/Sulbactam 35 0 0
3. (A/S) 10/10mcg (87.5%) 2 (5%) 3 (7.5%)
4. | Cefixime (CFM) 5mcg 40 (100%) 0.0% 0.0%
5. | Cefoperazone (CPZ) 75mcg 38 (95%) 2 (5%) 0.0%

i i 31 [0) 0
6. | Ciprofloxacin (CIP) 5mcg (77.5%) 8 (20%) 1 (2.5%)
7. | Gentamicin (GEN) 10mcg 40 (100%) 0.0% 0.0%

i 39 0, [0)
8. | Norfloxacin (NX) 10mcg (97.5%) 5 (12.5%) 6 (15%)
9. | Ofloxacin (OF) 5mcg 32 (80%) 4 (10%) 4 (10%)
120.00%
B Sensitivity ® Resistance
100.00%
& 80.00%
o
© 60.00%
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40.00%
20.00%
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N N\ N 2
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Fig. No. 4: Bar diagram showing results of antibiotic sensitivity assay of E. coli
isolates from dog faecal samples (n=40)
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4.2 Assessment of water supply, sanitation and hygiene (WASH) in study areas

On collecting information through questionnaire from six slum areas, it was found
that all residents of six slums have access to piped water. Among them 55% of
households use public tap water that is located at a short distance from their homes while
45% have household supplies. Of the households studied, 50% do nothing to make the
water safer to drink, while 30% strain the water through a cloth, 11.67% use water filters,

and 8.33% boil the water.

On the sanitation front, 55% of households did not have proper toilet facilities;
instead, they practise open defecation and share this open system with the rest of the
population of their slum; 23.33% of households had toilet facilities and their sewage went
into an open drain; this open drain occasionally overflowed during rainy season, but is
walled from all sides, preventing waste water from coming into contact with the

population; and 21.67% of households had toilet facilities with proper septic tank.

In the hygienic section, all households in all study areas used water and soap or
detergent after defecation for washing hands. For handwashing, 55% of households have
moveable objects such as jugs/buckets/kettles, while the remaining 45% have proper

fixed facilities such as a sink/tap.
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Table 17: Data gathered via Questionnaire to assess WASH in study areas

S.No. | Questions

Answers

Questi

ons related to Water:

1.

What is the main source of drinking water
for members of your household?

Piped water (100%b)

Dug well*

Water from spring*

Rainwater collection*

Delivered water*

Water kiosk*

Packaged water*

Surface water* (river, stream, dam, lake, pond,
canal, irrigation channel)

2. How long does it take to go there, get Members do not collect*
water, and come back? Number of minutes (55%)
Household supply (45%)
3. Is water always available from your main Yes, water is always available*
water source? No, water is available most of the time
(100%6)
No, water is available some of the time*
No, water is rarely available*
4, What do you usually do to the water to Boil (8.33%)
make it safer to drink? Add bleach/chlorine*
Strain it through a cloth (30%)
Let it stand and settle*
Use water filters (11.67%)
Do nothing (50%)
Questions related to Sanitation:
5. What kind of toilet facility do members of Flush/pour flush
your household usually use? Flush to piped sewer system*
Flush to septic tank (21.67%0)
Flush to open drain (23.33%)
Dry pit latrines*
Container based sanitation*
No facility/Bush/Field (55%b)
6. Do you share this facility with others who Yes (55%)
are not members of your family? No (45%)
7. The last time your child passed stool, Child used toilet/latrine (33.33%)
what was done to dispose off the stool? Put/rinsed into toilet or latrine*
Put/rinsed into drain or ditch*
Thrown into garbage*
Buried*
Left in the open (43.3%)
8. Does your sanitation facility leak or No, never*
overflow wastes at any time of year? Yes, sometimes (78.3%)
Yes frequently*
Questions related to Hygiene:
9. Can you please show me where members Fixed facility observed (sink/tap) (45%)
of your household most often wash their Mobile object observed (bucket/jug/kettle)
hands? (55%)
No handwashing places*
10. Observe availability of water and soap or Water & soap/detergent available (100%)

detergent at the place for hand washing?

Water & soap/detergent not available*

(Note: *options were N/A)
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CHAPTER-5
DISCUSSION

Unsafe drinking water is a major source of morbidity and mortality. Drinking
water that is free of contaminants is essential for good health. Diseases associated with
water, sanitation, and hygiene are estimated to be responsible for 4% of global fatalities
and 5.7 % of disease burden (Pruss-Uston et al., 2002). According to a survey, just 19%
of the global population washes their hands after coming into contact with faeces and

26% consume water contaminated with faecal bacteria (Anonymous, 2019).

According to the World Health Organization, nearly 1.8 million people die each
year from diarrheal diseases, the majority of which are caused by consumption of
contaminated drinking water. Every year, approximately 37.7 million Indians are affected
by waterborne illnesses, 1.5 million children die of diarrhoea, and 73 million working
days are lost, resulting in a financial burden of $600 million (Anonymous, 2019).
According to a 2018 survey in India, Uttar Pradesh state of the country has the greatest
rate of diarrhea-related mortality followed by West Bengal, Assam, Odisha and Madhya
Pradesh (Anonymous, 2018).

Jammu, the winter capital of Jammu and Kashmir, is situated on the banks of the
Tawi River, which is a main left bank of the Chenab River. According to a research
published in November 2020, almost two million people in the Jammu region are
constantly exposed to water-borne ailments as a result of water contamination.
(Anonymous, 2020).

Waterborne diseases are transmitted through faecal contamination of water, which
emphasises the need of detecting faecal contamination in water. One of the most
commonly used bacteria to confirm faecal contamination is E. coli. The abundance of E.
coli in the gastrointestinal tracts of animals and humans is one of the main causes for this.
Furthermore, E. coli detection technologies are widely available, simple to use, and
interpret. This makes E. coli detection ideal for developing countries like India and

locations with low resources.
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E. coli has progressed from commensal to pathogen status, making it one of the
most serious aquatic and foodborne infections. Diarrheagenic E. coli (DEC) is a pathogen
that primarily infects the gastrointestinal system and is categorised into six pathotypes:
ETEC, EHEC, EIEC, EPEC, EAEC, and DAEC. Depending on the type of infection,
DEC can cause anything from mild diarrhoea to severe haemorrhagic colitis in humans
(Park et al., 2018). The six DEC pathotypes ETEC, EHEC, EIEC, EPEC, EAEC, and
DAEC have been associated to diarrhoea in most developing countries, particularly in
young children (Rajendran et al., 2010). DEC has been linked to waterborne outbreaks in
Ghana (Adzitey et al., 2015), Tanzania (Lyimo et al., 2016), California (Probert et al.,
2017) and India (Adzitey et al., 2015, Hamner et al., 2007; Batabyal et al., 2013). As a

result, the isolated E. coli strains were tested for ETEC.

The most typical cause of diarrhoea in children in developing nations and in
travellers to these regions is ETEC. In the small intestine, where few bacteria typically
establish, the bacteria colonise. They must defeat several host defences, such as mucus
production, bile salts, secretory IgA (S-IgA), and epithelial shedding, in order to
accomplish this. ETEC produces the enterotoxins that cause the symptoms once they
established themselves in the small intestine. Colonization factors are proteinaceous
surface structures that ETEC use to cling to epithelial surfaces (CFs). About 35% of the
ETEC strains isolated globally express both heat-labile (LT) and heat-stable (ST)
enterotoxins, 35% express only ST, and remaining strains express only LT (Gaastra and
Svennerholm 1996). By avoiding or properly preparing foods and drinks that might
contain the bacteria, as well as by frequently washing our hands with soap, we can avoid

getting sick.

In this investigation, 71 samples were found to be positive for E. coli after
screening 120 samples including drinking water (n=75), waste water (n=25), and dog
faeces (n=20). In both dog faeces and waste water samples, the positive proportion for E.
coli was 100%, followed by 34.6% in drinking water. 142 E. coli isolates were isolated
from positive samples. However, no ETEC were discovered on pathotyping of 142 E. coli
isolates. Similarly, Harada et al. (2018) in urban slums in Bangladesh didn’t detect ETEC

in drinking water samples.
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When comparing the current study to previous research conducted in urban slums
in Kolkata, study reported 28% (56/200) of stored drinking water samples to be positive
for faecal coliforms (Patil et al., 2012). In Chandigarh, E. coli was found in 31.8%
(116/364) water samples, with 8 ETEC strains producing only It gene, 24 ETEC strains
producing only st gene, and 4 ETEC strains producing both It and st genes (Taneja et al.,
2011). In Turkey, from 50 drinking water samples, only one sample was positive for
ETEC the (Gumus et al., 2015). When compared to a previous study conducted in Jammu
by Padha (2021), 60 samples of drinking water were analysed, yielding 43 E. coli

isolates, none of which were positive for It, stla and stlb genes.

E. coli was also isolated from waste water in present study. All waste water
samples were positive for E. coli. However, none of the isolates was positive for ETEC.
When compared to a previous study conducted in urban slums of Bangladesh, 16.3% of
264 E. coli isolates from sanitary waste water were positive for ETEC, with stlb being the
most frequently detected (Harada et al., 2018). In a previous study conducted by Padha
(2021) in Jammu, where 81 surface water samples (river, lake and pond) were analysed,

yielding 146 E. coli isolates, none of which were positive for It, stla and stlb genes.

In the present investigation, all dog faeces samples tested positive for E. coli,
however ETEC was not detected after pathotyping. Although collection of stray dog
faeces was difficult due to the fact that it dried quickly and it was impossible to tell
whether the faeces came from the same dog or from a different one. Globally, there have
been very few studies on ETEC from dog faeces. In contrast to a previous study carried
out at Ontario Veterinary College in Canada, where stla (26.7%) and stlb (4.4%) were
found in E. coli isolates from the faeces of 20 out of 45 dogs with diarrhea but no It gene
was found, It, stla and stlb genes were not found in normal dogs (Hammermueller et al.,
1995). The significance of dog as carrier of E. coli has been clearly shown by Askari et
al. (2020) who detected same phenotype and strains of E. coli in both dog and owner in a

family.

During the study, nine antibiotics were used to investigate antibiotic resistance in
E. coli. The overall pattern of resistance in E. coli was norfloxacin (28.17%) followed by
ofloxacin (16.90%), ampicillin/sulbactam (11.27%), ciprofloxacin (9.15%), ampicillin
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(7.75%), cefoperazone (3.52%), cefixime (1.41%). None of the isolates were resistant to
amikacin and gentamicin (0.0%).

Antibiotic resistance is a phenomenon driven by numerous factors. It can be due
to overuse of antibiotics, a lack of knowledge, and the fact that the majority of people
prefer chemist shop prescriptions over doctor consultations as per information. Without
determining the true cause of the diarrhea, norfloxacin and/or ofloxacin are administered
in the study areas. The three basic mechanisms of antimicrobial resistance are (1)
enzymatic degradation of antibacterial drugs, (2) modification of antimicrobial target
bacterial proteins, and (3) changes in membrane permeability to antibiotics. Antibiotic
resistance can be transmitted via plasmids and/or maintained on the bacterial

chromosomes.

As E. coli isolates from drinking water, waste water and dog faecal sample have
similar antibiotic pattern, it probably indicates the drinking water is being contaminated
with waste water and dog faeces samples. Dog faeces samples were taken from stray
dogs, and assumption was made that no antibiotics had ever been given to these animals
for any reason. However, canines also demonstrated resistance to norfloxacin and
ofloxacin, which were commonly used for treating humans. This indicates that E. coli

must have been transferred from people to dogs and vice versa.

During the study, relevant data on water, sanitation and hygiene were also
obtained via a questionnaire derived from Joint Monitoring Programme (JMP)
WHO/UNICEF, 2018, consisting of ten questions. Ten households from each slum were
selected randomly. It was found that all six slum households had access to piped water
supply, with the majority of households (55%) using public tap water located a short
distance from their homes. Majority of households (50%) do nothing to make their

drinking water safer.

All residents of the Dhounthly and Pata paloura slums use open defecation and
mobile sanitary facilities, but the majority of residents of the remaining four slums have
toilet facilities, with some having septic tanks and the rest draining their sewage into

open drainage that eventually joins the Tawi River, and all of them having fixed sanitary
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facilities in their homes. After defecation, the majority of the population in the slums uses

sanitary amenities (mobile or fixed) such as water and soap.

The majority of the population in Dhounthly and Pata Paloura slums lived in
kutcha houses with no toilet facilities, instead performing open defecation and using
public tap water; in the present study the highest number of E. coli isolates from drinking
water samples were obtained from these two slum areas. The factors affecting drinking
water contamination are lack of knowledge, faulty water storage arrangements or
mishandling during collection and transportation back to the home. The majority of the
people in the other four slums were aware of the importance of hygiene and sanitation. In
these slums, majority of people use water filter, strain water with cloth and boil water to
make it safer to drink. When compared to the results from Dhounthly and Pata paloura,

these four slums had a lower number of E. coli isolates in drinking water samples.

In the current study, contrary to our expectations, no ETEC pathotype was
detected in any of the samples collected during the study. Despite the fact that E. coli was
isolated from all types of samples (drinking water, waste water and dog faeces), this
demonstrates faecal contamination of drinking water. Further antibiotic sensitivity tests
on E. coli isolates revealed high resistance to norfloxacin and ofloxacin due to
indiscriminate use of these two antibiotics during diarrhoea without knowing the cause of
the diarrhoea. The sensitivity and resistance pattern of all nine antibiotics shown by E.
coli isolates from drinking water, waste water and dog faeces were similar, indicating that

E. coli strains circulated in the study areas.
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CHAPTER-6
SUMMARY AND CONCLUSIONS

As a commensal bacterium, Escherichia coli is present in the intestines of warm-
blooded animals and humans. Their presence in water usually indicates recent faecal
contamination or poor sanitation, and their presence in drinking water is frequently used
to assess water faecal pollution. E. coli is a commensal bacterium that lives in the
intestines and causes sickness in its host only rarely. However, particular E. coli
pathotypes have evolved as sources of gastrointestinal and systemic infections in the host,
including ETEC, EHEC, EIEC, EPEC, EAEC, and DAEC.

The current investigation looked for E. coli and its pathogenic strain ETEC in
water and dog faeces samples. A total of 120 samples were obtained from six slum areas
of Jammu city. 75 drinking water samples, 25 waste water samples, and 20 dog faecal
samples were among the samples collected. Each sample was collected in an autoclaved

sampling bottle aseptically.

Drinking water samples were filtered before being placed in MacConkey broth for
E. coli isolation, whereas waste water and dog faeces samples were placed directly in
MacConkey broth and cultured for 24 hours at 37°C. The tubes were examined after
incubation to see if the broth colour had changed and if there were any gas bubbles inside
the durhum tubes. The tubes that showed a change in colour and the presence of gas
bubbles inside the durhum tubes were chosen for further analysis. To observe the typical
green metallic sheen of E. coli, inoculum from suspicious tubes was streaked on EMB
agar and incubated at 37°C for 24 hours. To purify the colonies, they were streaked on
nutrient agar plates with a green metallic sheen or a dark purple colour. Phenotypic
characterization of pure colonies included morphological and biochemical
characterisation, such as Gram staining and biochemical assays such as catalase, oxidase,
indole, methyl red, Voges Proskauer test, and citrate utilisation test. PCR was used to

confirm phenotypically identified E. coli isolates.



43

ETEC was also evaluated on E. coli isolates. To detect ETEC strains, three
uniplex PCR for three genes were used: the It gene for heat labile toxin, and the stlA and

stIB genes for heat stable toxin.

From 120 samples, 71 were positive for E. coli, with 142 isolates recovered [26
drinking water (34.6%), 25 waste water (100%), and 20 dog faeces (100%)]. None of the
142 isolates tested positive for the It, stla, or stlb genes when pathotyping them with
PCR. Antibiotic resistance of 9 antibiotics on E. coli isolates (n=142) collected during the
study is also included in this investigation. Norfloxacin (28.16%) was the most resistant
antibiotic, followed by Ofloxacin (16.91%), Ampicillin/Sulbactam (11.27%),
Ciprofloxacin (9.15%), Ampicillin (7.74%), Cefoperazone (3.53%), Cefixime (1.41%),
Amikacin (0.0%) and Gentamicin (0.0%). The pattern of antibiotic resistance from

different sample isolates was similar.

To assess the wash condition of slums, a questionnaire containing ten questions
was obtained from JMP WHO/UNICEF, 2018, and ten households were randomly
selected from each slum and information was gathered. All six slum households had
access to piped water, with 55% using public tap water and 45% having household
supply. Following water collection, 50% of households do nothing to make water safer to
drink, while the remaining households do a variety of activities to keep water safe, such
as 30% strain with cloth, 11.67% use water filters and 8.33% boil it. Open defecation was
practised by 55% of households, while the remainder have toilet facilities. After

defecation, all households used water and soap/detergent to wash their hands.
As a result of the current study, the following conclusions were made:

> The study identified the faecal contamination of water sources in all the six slum

areas of Jammu by isolating E. coli.

> No ETEC pathotype detected from E. coli isolates probably indicating absence of

circulation of ETEC in all the six slum areas.
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E. coli isolates from different sample categories had similar antibiotic resistance
pattern, probably indicating the circulation of similar E. coli strains in the studied

arca.

The data collected from the study areas indicates variations in drinking water,

sanitation and hygiene conditions.

Further studies on circulation of other pathotypes of E. coli and other

diarrheagenic microorganisms should be conducted in future in the region.

Urban authorities must take strict action against open defecation practice by

providing community toilet facilities to the people of slums for their welfare.
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