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Introduction

Water is essential for life and the most important natural resource. Fresh water is a finite
resource essential to agriculture, industry and even human existence, without fresh water of
adequate quantity and quality, sustainable development will not be possible. Therefore, much
of the current concern with regards to environmental quality is focused on water because of

its importance in maintaining the human health and health of the ecosystem (Kumar, 1997).

Safe drinking water is essential to humans and other life forms. In both developed and
developing countries water quality continues to be a major health concern. Access to safe
drinking water has improved over the last decades in almost every part of the world, but
approximately one billion people still lack access to safe water and over 2.5 billion lack
accesses to adequate sanitation (MDG Report, 2008). Environmental waters that are used as
sources of drinking water may be contaminated with a wide range of pathogenic
microorganisms including enteric pathogens intermixed with a dominant background of
naturally occurring non-pathogenic microbial populations. Enteric pathogen are
gastrointestinal organisms which may be present naturally in aquatic environments or, more
commonly, are introduced through human activities such as leaking sewage and septic
systems, urban runoff, and in the case of estuarine and marine waters, sewage outfall and
wastewater discharge, insufficiently treated water, drinking water and private wells that
receive treated or untreated wastewater either directly or indirectly (Fong and Lipp, 2005).
Also, the occurrence and spread of Antibiotic Resistant Bacteria (ARB) are pressing public
health problems worldwide, and is an emerging issue for the general public and drinking
water industry (Armstrong et.al., 1982; Schwartz et.al., 2003). However little is known about
the fate of Antibiotic Resistance Genes (ARGs) in drinking water system. It had been
proposed that ARGs are emerging contaminants (Pruden et.al., 2006).

Many studies have been done to examine the quality of water to determine the prevalence of
waterborne disorders of bacterial origin, especially in developing countries like India (Saxena
and Chhabra, 2004; Rajendran et.al., 2006; Pant and Mittal, 2007). Knowing the importance
of water for sustenance of life, the need for conservation of water bodies especially the fresh
water bodies had been realized everywhere in the world. This need has added significance to

water stressed region such as Rajasthan (Gupta et.al., 2011).



Rajasthan is the driest state of the country with a current population of 5.6 crores. Jaipur city
which is a metropolis with a population of 23.24 lakhs has the highest growth rates amongst
the metropolitan cities in India. All the 183 municipal towns have piped water supply system
out of which only 23 towns get more than 100 liters per capita of daily water supply against
the desired standard of 135. The current high population growth rate, urban sprawl, increase
in irrigation demand and with the growth of industrialization, causes increase in the water
pollution and water demand that at present exceeds the available water resources (RWSRP,

2009).

Therefore, it is important to investigate the prevalence of microbial pathogens and antibiotic
resistant genes in drinking water to protect public from outbreaks of waterborne disease and

for preservation and promotion of public health.

REVIEW OF LITERATURE

Water borne Diseases- A Threat to the Health

Water might be the source of life but in many parts of the world, it can also be the cause of
death. The developing countries with poor sanitation are fertile grounds for the spread of

diseases affecting health of millions of people around the world (Malhotra, 2009).



Waterborne diseases are caused by pathogenic microorganisms which are directly transmitted
when contaminated fresh water is consumed. Waterborne diseases of major public health
concern include typhoid caused by Salmonella typhi, Cholera by Vibrio cholerae, Dysentery
by Shigella, Diarrhea by Protozoan Giardia, Acute infantile Diarrhea by rotavirus and jaundice
by hepatitis A and E viruses (Singal and Sood, 1997). In India, 1 million people loose their
lives to Diarrhea every year. The World Bank estimates 21% of communicable diseases in
India are water related, of these diseases, Diarrhea alone killed over 70,000 Indians in
1999(estimated) over 1,600 deaths each day (WHO, 2002). There are over 100 different types
of bacteria and viruses that can be found in contaminated water (groundwater and surface
waters). Contaminated drinking water due to inadequate and unsanitary disposal of sewage and
excreta continue to pose a threat to the health in many communities all around the globe.
While correctly operating water treatment facilities will remove the vast majority of microbial
contaminants, one of the best protective measures against waterborne disease outbreaks is to
protect watersheds from contamination in the first place. An important aspect of such
protection is the ability to detect pathogens with specific and a sensitive assay. Therefore, it is

important to critically examine the occurrence of these waterborne pathogens.

Over the past 15 years, the polymerase chain reaction (PCR) and other molecular biology
based techniques have begun to revolutionize the detection of pathogenic bacteria, viruses and

protozoa in clinical and environmental samples.

Global Burden of Waterborne Diseases

The disease burden from water, sanitation, and hygiene at the global level has taken into
account various disease outcomes, principally diarrheal diseases. Pruss et.al., (2002) estimated
that water, sanitation, and hygiene was responsible for 4.0% of all deaths and 5.7% of the total
disease burden occurring worldwide (accounting for diarrheal diseases, schistosomiasis,
trachoma, ascariasis, trichuriasis, and hookworm disease).

According to World Development Report (1992), Diarrheal diseases traceable to contaminated
water world wide has been estimated to cause 900,000,000 episode of illness per year and
approximately 2,000,000 deaths per year in children. Among the diseases caused by
waterborne pathogens , such as Vibrio cholera, Hepatitis E virus and Escherichia coli O
157:H7, are known to have high mortality rates (Hunter, 1997).0n global basis, morbidity and
mortality from Escherichia coli are thought to exceed those of cholera and others identified

waterborne disease. Enterotoxigenic E.coli (ETEC) is estimated to cause approximately 400



million diarrheal episodes, with 700,000 deaths each year among children younger than five
(Chakraborty, 2001).

Since (2002), World Health Organization (WHO) has identified risk factor for the global
burden of disease (Lopez et.al., 2006). World Health Organization (WHO, 2008), estimates
that diarrheal disease accounts to an estimated 4.1 percent of total DALY's (Disability-
adjusted life years) and is responsible for the deaths of 1.8 million people every year. World
Health Organization recently stated (July 2011) that despite significant progress made in
recent years and the availability of many technically feasible and low-cost solutions, almost
one in five people in South Asia still lack improved water resources and over two million
people die due to wate-borne diseases like typhoid and cholera annually. According to the
report 90 percent of wastewater discharged daily in developing countries is untreated,
contributing to the deaths of some 2.2 million people a year from diarrheal diseases caused by
unsafe drinking water and poor hygiene.

It can therefore be understood that these water-borne diseases are a great burden to the health

system.

Common Water borne Diseases Outbreaks

In recent years, investigators have identified a large number of pathogens responsible for
outbreaks and research has focused on their sources, resistance to water disinfection and

removal from drinking water.

Water-related outbreaks of diseases are frequently caused by the consumption of water that is
contaminated with human or animal fecal material and have been reported from various parts
of world like Nakuru, (Chabalala and Mamo, 2001), Nigeria (Oguntoke et.al., 2009), United
States (Craun et.al., 2006; Craun and Wade, 2008 ) and New Zealand (Till et.al., 2008) . In
India, various water-borne outbreaks have also been reported from Rajasthan (Saxena and
Chhabra, 2004), Pune (Sahasrabuddhe et.al., 2003), Tamil Nadu (Rajendran et.al., 2006),
and Delhi (Pant and Mittal, 2007). Researchers have investigated the presence of more than
140 microorganisms, that are known to be associated with waterborne diseases including
bacteria (Campylobacter, Escherichia coli and Vibrio cholera), protozoa (Cryptosporidium
and Giardia) and Viruses (Norovirus [NoV], Adenovirus [ADV], Hepatitis A virus, and
Enterovirus [EV]) (Reynolds et.al., 2008). Even with the advancement of drinking water

(DW) treatment processes (€.g., membrane filtration and alternative disinfectants, such as



ozone or UV radiation) and more stringent regulatory requirements , waterborne disease
outbreaks (WBDOs) associated with drinking water still occur in the United States (Liang
et.al.,2006;Yoder et.al., 2008). Among the diseases, diarrhea, dysentery, jaundice and
typhoid are some of the most common water borne diseases that have been reported
(Chabalala and Mamo, 2001; Rajendran et.al., 2006; Craun and Wade, 2008). These
outbreaks were observed to be seasonal, with highest incidence during the summer, followed
by winter and monsoon (Saxena and Chhabra, 2004). A most extensive study has been done
on Recreational waterborne outbreaks between 1995 and 2004 in United States. It was noted
that the most frequently associated illness type was the gastroenteritis and of these 71% were
attributed to a bacterial or protozoan source and 8% of the illnesses were attributed to viral
exposure (Craun and Wade, 2008). Above studies suggests that Pathogenic bacteria and
enteric viruses can be introduced into the environment via human waste discharge. Thus
methods for rapid detection and quantification of human viruses and fecal indicator bacteria
in water are urgently needed to prevent human exposure to pathogens through drinking and

recreational waters.

Detection of Enteric Bacteria in Water Resources

Indicator bacteria such as E.coli are commonly used to determine the relative risk of fecal
contamination and also used to assess the potential public health risk of drinking water and
their presence or absence, are key elements of most drinking water quality guidelines (WHO,
1997). Indicator organisms, however, have several disadvantages that make them less ideal for
indicating the possible presence of microbial pathogens. Consequently methods to directly
detect microbial pathogens in water and wastewaters are being investigated. Polymerase chain
reaction (PCR) is one of the main alternative detection methods being trialed (Toze, 1999).
This technique has rapidly evolved over the last few years and the growing interest in
quantitative applications of the PCR has favored the development of real-time quantitative
PCR which have been used by researchers to identify the bacterial pathogens. Many studies
have been done to examine the quality of water to determine the prevalence of waterborne
disorders of bacterial origin, especially in developing countries like India. Some of the
common water borne bacteria comprises Escherichia coli, Salmonella sp., Vibrio cholerae,
Clostridium sp., Pseudomonas sp., Campylobacter sp., Shigella sp., Arcobacter sp. and
Aeromonas hydrophila. Researchers around the globe are working to make the detection of

these bacterial pathogens sensitive, specific and rapid.



Escherichia coli are used as indicator of water safety regarding fecal contamination in almost
all water quality legislation in the world. Culture techniques have been routinely used for the
examination of the presence of E.coli. These methods were robust and sensitive, but the lack
of speed is an important drawback. Therefore different PCR methods have been developed to
directly detect E.coli from water samples (Bej et.al., 1991; Frahm and Obst, 2003; Heijnem
and Medema, 2006.) Escherichia coli have been detected in water samples using primers
specific for lacZ gene which produces an amplified product of size 180 bp (Shaban and
Malkawi, 2007) using Conventional PCR. Also uid4 gene of 147 bp which encodes for the j3-
D-glucuronidase enzyme has been reported to be specific for respective bacteria (Bej et.al.,
1991; Tsai et.al., 1993; Heijnen and Medema, 2006; Momba et.al., 2006). Ram and Shanker
(2005), suggested the rapid assessment of virulence pattern of E.coli isolates by Multiplex
Real —Time PCR probes like TagMan. E.coli virulent genes like Shiga like toxin type 1 (stx1)
gene of 102 bp, Shiga like toxin Type2 (stx2) gene, Enterohemolysin (2/y4 )gene of 141bp ,
Heam iron transport (chuAd) gene of 147 bp, Attaching and effacing proteins (eae)gene of
200bp and House keeping Genes like - galactosidase (lacZ)gene of 228 bp , Maltose
Transport Protein (lamB)gene of 86bp and Fimbrial Major Subunit typel (fimA4)gene of 79
bp were chosen based on proven role in E.coli Pathogenicity using Taq Man probes for
detection of Enterohemorrhagic E.coli (EHEC). The study concluded that multiplex Real-
Time PCR oligomers and TagMan probes designed and validated in silico will be helpful in
management of water quality and outbreaks, by improving specificity and minimizing time

needed for in vitro verification work.

Escherichia coli serotype O157:H7 have been detected from the Ganges River using stx/,
stx2, and eae target gene sequences using conventional PCR (Hamner et.al., 2007). Similar
study have been conducted by Mull and Hill (2009), in surface water using hollow-fibre
Ultrafilteration (UF) and real time PCR using Shiga toxin genes, stx/ and stx2 (Bellin et.al.,
2001; Heijnen and Medema, 2006) and rfbE gene Targets (Fortin et.al., 2001; Heijnen and
Medema,2006) which encodes for an enzyme involved in biosynthesis of O157 antigen .He
also suggested that in conjunction with the UF culture, a suite of real time PCR assays can be
effectively used for specific detection of Enterohemorrhagic E.coli (EHEC). Sensitive
detection and quantification of Enterotoxigenic Escherichia coli (ETEC) in different water
samples using enterotoxin genes estA (STh), estB (STp) and eltB have also been reported by
Lothigius et.al.(2004) and Singh et.al. (2010).



Vibrio cholera is the etiological agent of epidemic cholera, which causes watery diarrhea that
can result in the rapid dehydration and death of infected persons. Coastal waters are an
important reservoir of V. cholerae, and cholera is generally transmitted to humans via water
or seafood (Colwell et.al., 1977; Colwell et.al., 1981). Several PCR protocols have been
developed for V.cholerae (Lyon, 2001; Singh et.al., 2001; Lipp et.al., 2003; Gubala, 2006;
Gubala and Proll, 2006). However these reports mostly describe conventional, time
consuming and laborious methods of PCR product characterization. Therefore real time PCR
for detection of V.cholerae have been developed and most commonly detected in both surface
and ground water sources (Momba et.al., 2006 ). Use of this technique provides a sensitive
and cost-effective monitoring of environmental and drinking water samples (Gubala and
Proll, 2006). Bacteria have been detected by targeting various virulence and regulatory genes
(ctxA, stn, OmpW and tcpA). Collectively, the four unique gene targets cover a range of gene
sequences essential for the virulence and survival of V.cholerae (Gubala and Proll, 2006;

Sharma and Chaturvedi, 2006).

Fykse et.al.(2007), claimed to be first to described a sensitive multitarget real- time Nucleic
Acid Sequence-Based Amplification (NASBA) application for the specific detection of
V.cholerae cells in water. The genes encoding the 151 bp fragment of cholera toxin (ctx 4) ,
102 bp fragment of the toxin coregulated pilus (fcp 4, colonization factor), 151 bp fragment
of the ctx A4 toxin regulator (tox R), 135bp fragment of Hemolysin (4y 4), and 116 bp
fragment of the 60 K Da chaperonin product (groEL) were selected as target sequences for
detection. They reported that general markers groEL and foxR detected all V.cholerae strains.
The sensitivity of the groEL assay was 10 fold higher than that of fox R assay. The study
suggests that in order to detect toxigenic strains, fcpA and ctx4 markers should be used and
the combination of groEL , toxR, tcpA and ctxA markers provide maximum specificity for the
detection of all V.cholerae strains. The author also reported that the NASBA assay detected
V.cholerae at 50 CFU/ml by using the genetic marker groEL and tcpA that specifically

indicates toxigenic strains.

Salmonellosis accounts for 60% of all bacterial disease outbreaks in the United States (Feng,
1992). A number of PCR assays specific for Salmonella have been developed (Cohen et.al.,
1992; Jones et.al., 1993; Bej et.al., 1994). Real time PCR have been conducted using
molecular beacon (Tyagi and Kramer, 1996; Chen et.al., 2000) as well as Tagman probes

(Chen et.al., 1997). Salmonella has been detected in various water sources (Abd-El-Halem



et.al., 2003) mostly in groundwater samples (Momba et.al., 2006).The genes coding for 16S
rRNA , 314 fragment of ipaB gene encoding the invasion plasmid antigen B (Kong et.al.,
2002; Momba et.al., 2006), 288 bp fragment of the invA gene, and122 bp fragment of himA
gene (Bej et.al., 1994) have been used for the detection of the strain (Fey et.al., 2004; Chen
et.al., 2000).

Pseudomonas aeruginosa is a ubiquitous environmental organism as it is capable of growing
in a wide variety of niches with a preference for moist environments and a major
opportunistic pathogen causing human infections. Schwartz et.al. (2006), performed Real-
time quantification of Pseudomonas aeruginosa in various waste water systems including
clinical, municipal wastewaters and inflow from a wastewater treatment plant. For this they
investigated various wastewaters by real-time PCR with an optimized primer and probe
design specific for the 23S rRNA gene, they detected that clinical wastewaters contains

highest concentration of Pseudomonas aeruginosa .

Hernandez et.al. (1995), examined two extraction procedures, and they discovered that DNA
recovered from Campylobacter jejuni lysed by the Cetyltrimethylammonium bromide
(CTAB) method was more suitable for use as a PCR template than DNA released by the
boiling method. RT-PCR amplification was conducted using a 1.73 Kb portion of the
flagellinA gene of C. jejuni. Also a VS gene region comprising an 189bp fragment (Yang
et.al.,2003) and 72 bp fragment of mapA gene (Price et.al., 2006; Ahmed et.al., 2008) were

used in real time PCR assay.

Presence of Shigellae in surface water has been analyzed using PCR. The gene targets used
for the identification were the Shigella-specific virulence genes including ipaBCD, ipaH, and

stx1 (Faruque et.al., 2002).

Aeromonads are gram- negative water borne bacteria. Altwegg (1996) ; Brandi et.al. (1996);
Janda & Abbott (1998), reported the presence of the aeromonads in environmental habitats
such as soil, fresh and brackish water , sewage and wastewater, untreated and treated
drinking. Conventional PCR have been used to investigate the occurrence of potentially
pathogenic Aeromonas hydrophila strains in seawater (Asmat and Gires, 2002). The gene
target used for the amplification of this bacteria includes 683 bp fragment of the aer4 domain
, 130 bp fragment of gyrase B subunit (gyr B) gene (Asmat and Gires, 2002; Khan et.al,
2009) and 760bp fragment of /ip gene (Cascon et.al., 1996; Ahmed et.al., 2008).



The 16S and 23S rRNA sequence specific primers have been used for the detection of
Arcobacter and Campylobacter strains in river water and wastewater samples. Both of these
rRNA-based techniques have been found to be as quick and sensitive methods for detection
of Campylobacters in environmental samples (Moreno et.al., 2003). Similarly Diergaardt
et.al. (2004), examined the occurrence of Campylobacters and Arcobacter butzleri in

drinking and environmental water sources by 16S rRNA sequence analysis.

Microbial pathogens are one of the major health risks associated with water and wastewaters,
above studies showed that the PCR technique is rapid, specific and quick way to detect

pathogens from different sources of water.

Antibiotic Resistance Genes As Emerging Contaminants

The occurrence and spread of Antibiotic Resistant Bacteria (ARB) are pressing public health
problems worldwide. Many researchers have highlighted aquatic ecosystems as a recognized
reservoir for ARB and Antibiotic Resistance Genes (ARGs) (Cooke, 1975; Gonzal et.al.,
1979; Klare et.al., 1995; Kummerer, 2004; Martinez, 2008; Baquero et.al., 2008; Zhang
et.al.,2009). However little is known about the fate of ARG in drinking water systems, and it

has been proposed that ARGs are emerging contaminants (Pruden et.al., 2006).

Presence of several antibiotic resistance gene like tetracycline resistance genes, tetM, tetO,
tetQ, tetW, tetC, tetH, and tetZ , ciprofloxacin resistance genes (gyrd4) , vancomycin
resistance gene (vanAd), ampicillin resistance gene (ampC), methicillin resistance gene
(mecA) of Enterococci, Enterobacteriaceae, and Staphylococci and Kanamycin (kan) and
ampicillin (amp) resistance genes have been reported in different municipal wastewater and

drinking water samples (Volkmann et.al., 2004; Koike et.al., 2007 ; Samra et.al., 2009).

Samra et.al.(2009), investigated the prevalence of Kanamycin (kan) and ampicillin (amp)
resistant bacteria in public drinking water of Lahore Metropolitan, Pakistan. Among 625
drinking water samples, 42.5 % and 57.5 % of samples were found positive for kan and amp
resistant bacteria and the results were confirmed by amplification of 810 bp kan resistant
gene and 850 bp amp resistant gene. Salmonella, Shigella, Staphylococcus, Streptococcus and
E.coli accounted for 13%, 30%, 11%, 17% and 29% respectively in kan and amp resistant

bacteria.

The other antibiotic resistance genes investigated includes 573 bp fragment of erythromycin

resistance gene (erm B), 733 bp fragment of methicillin resistance (mecA), 825 bp fragment



of extended P lactam resistance conferring broad resistance to penicillins and cephalosporins
(blaSHYV-5), 822bp fragment of ampicillin resistance (ampC), 738 bp fragment of tetracycline
resistance (tetO) and 572 bp fragment of vancomycin resistance (vanAd) (Bockelmann et.al.,
2009). Xi et.al. (2009), also detected Antibiotic Resistant Bacteria (ARB) and Antibiotic
Resistance Genes (ARGs) in source waters, drinking water treatment plants and tap waters
from several cities in Michigan and Ohio. The ARGs examined includes beta-lactam
resistance genes (blarzy and blasyy), Chloramphenicol resistance genes (cat and cmr),
Sulfonamide resistance genes (sull and sulll) and tetracycline resistance genes (fetO and
tetW).They detected that the ARGs and ARB are present in small quantities in finished water
and tap water and the quantities of ARGs were found to be greater in tap water than in
finished water and source water. Elevated resistance to some antibiotics has been observed
during water treatment and in tap water. They suggested that water treatment might increase
the antibiotic resistance of surviving bacteria, and water distribution systems may serve as an

important reservoir for the spread of antibiotic resistance to opportunistic pathogens.

Tenover (2006), suggested that bacteria may inherit resistance to some antibiotics or can
develop resistance via spontaneous mutation or the acquisition of resistance genes. The
acquisition of a resistant gene via horizontal gene transfer is the most common and the easiest
way for bacteria to develop antibiotic resistance both in the environment and in a host (Rowe-

Magnus and Mazel, 1999; Salyers et.al., 2004).

Molecular Subtvping of Waterborne Bacteria

The microbiological contamination of water by pathogenic microbes has been and is still, a
persistent public safety concern in the countries of the world. As most enteric pathogens are
transmitted through the fecal oral route, fecal pollution is generally regarded as the major
contributor of pathogens to waterways. Fecal indicator bacteria have been used successfully
as the primary tool for microbiologically based risk assessment. However measurement of
fecal indicator bacteria does not define what pathogens are present, or define the sources of
these bacteria (Yan and Sadowsky, 2007). Therefore to improve public health and to ensure
safe life conditions, the development of a method of analysis for tracking sources of fecal

contamination in aquatic environments is required.

The process of subtyping was found to be important epidemiologically for recognizing

outbreaks of infection, detecting the cross-transmission of nosocomial pathogens,



determining the source of the infection, recognizing particularly virulent strains of organisms,
and monitoring vaccination programs (Olive and Bean, 1999). Restriction fragment length
polymorphism (RFLP) is one of the most frequently used molecular subtyping tools in
epidemiologic investigations. While there are different approaches to RFLP, pulse-field gel
electrophoresis (PFGE) has been shown to be a reliable and highly discriminating method for
subtyping foodborne pathogens and other bacteria (Georing, 2004).

Numerous studies which define the banding patterns of a variety of bacteria digested with a
number of restriction enzymes have been conducted. PFGE is a subtyping method that
detects polymorphism in restriction fragments of genomic DNA. Bopp et.al. (2003), analyzed
the patient and environmental isolated of waterborne E.coli O157:H7 and C.jejuni in United
States. Pulsed-field gel electrophoresis (PFGE) was performed using Xbal gene. PFGE of
C.jejuni isolates revealed that 29 of 35 (83%) had indistinguishable PFGE pattern. Similarly
Ribot et.al. (2006), performed subtyping of Escherichia coli O157:H7, Salmonella and
Shigella using Xbal gene for detection of foodborne pathogens for PulseNet.

Kuusi et.al. (2004), determined the source and the extent of community wide outbreak of
gastroenteritis from a non-chlorinated water supply. Subtyping of Camphylobacter strains has
been done using Pulsed- field gel electrophoresis. Eight patient isolates and water isolate
were genotyped by PFGE using Smal, Sacll and kpnl enzyme for digestion of DNA. They
reported that the water isolate and all but one of the patients isolate were indistinguishable by
PFGE. In another study by Borchardt ez.al. (2003), pulsed- field gel electrophoresis pattern of
Aeromonas isolates using Smal gene from stool specimens of patients with diarrhea was
compared with Aeromonas isolates from patients drinking water. They showed that the stool
and drinking water isolates were genetically unrelated and suggested that Aeromonas
gastrointestinal infections were not linked with groundwater exposures. The above studies
concluded that the Pulsed-field gel electrophoresis is reproducible and has sufficient

discriminatory power to allow detection of minor genetic variations among isolates.

Thus typing of bacterial isolates from different sources is a pre-requisite for intervention and
infection control and to contribute to risk assessment studies of sources of water borne

diseases.

We hypothesize that drinking water may contains enteric pathogens (bacteria) and also
carries genes for antibiotic resistance, therefore detection as well as quantification of enteric

pathogens is required. Detection of these pathogens will allow the scientists, industry, and



environment managers to assess the burden of these organisms in water bodies and provide a

baseline for developing management plans.

OBJECTIVES OF RESEARCH

= To Determine the Presence and Abundance of Enteric Pathogens to Assess the Quality

of Drinking Water.

= Prevalence of Antibiotic Resistance Genes in Enteric Pathogens and their Molecular

Subtyping.



Methodology

To determine the presence of enteric pathogens to access the quality of drinking water.

e Sample Collection: Water samples will be collected in pre sterilized containers from
different areas in Jaipur City. At least 5-10 liters of water will be collected to ensure
proper detection. All the water samples will be transferred on ice to the laboratory

and will be stored at 4°C till further use.

e Physico-chemical Characterization of Water: Physico-chemical characterization

will be done for several parameters using standard methods (APHA, 2005).

e pH,
e Electric Conductivity,

e Total dissolved Solids,

e Nitrate,
e Fluoride,
e Chloride.

» Molecular identification of Pathogens

e Total Genomic DNA Isolation: Genomic DNA will be directly isolated from

collected water samples.

e PCR Detection of Bacterial pathogens: Polymerase chain reaction will be carried
out for the bacterial universal 16S rDNA sequence and for eight bacteria chosen for

the study using the specific primers.

Tablel: Genes Selected For Detection Of Bacteria Using PCR.

Bacteria Gene Target Product Size

Universal for Bacteria 16SrDNA 1500




Escherichia coli LacZ 180
Salmonella Random fragment 429
Vibrio cholerae ctxA 564
Arcobacter 16SrRNA 331
Camphylobacter 16SrRNA 439
Pseudomonas oprl 504
Shigella ipaH 300
Aeromonas aerolysin 683

» Molecular Quantification of the Identified Pathogens

For Quantification of bacteria, Real-Time PCR will be performed using Primers and

Probes specific for Bacteria.

Detection of Antibiotic Resistance Genes in Enteric Bacteria and their Molecular

subtyping
» Detection of Antibiotic Resistance Genes (ARGS)

For the detection of Antibiotic Resistance Genes, detected bacteria will be grown on
selective media. DNA will be isolated and PCR amplification will be performed using

selected ARGs specific primers.
» Molecular Subtyping

DNA will be digested with suitable enzymes and then Pulsed-field gel electrophoresis
(PFGE) will be performed for molecular subtyping.




PLAN OF WORK

Water Sample Collection

Physico-chemical Characterization of Water

Molecular Identification of Pathogens
(Conventional PCR)

Quantification Antibiotic Resistance Gene (PCR) Molecular Subtyping
(Real Time PCR) (Pulsed-Field Gel Electrophoresis)




References

1. APHA.(2005).Standard Methods for the the Examination of Water and Wastewater, 21*
ed. American Public Health Association, AWWA and Water Environment Federation.

2. Ahmed, W., Huygens, F., Goonetilleke, A. and Gardner, T. (2008). Real-Time PCR
Detection of Pathogenic Microorganisms in Roof-Harvested Rainwater in Southeast
Queensland, Australia. Applied and Environmental Microbiology. 74(17):5490-5496.

3. Altwegg, M.(1996). Subtyping method for Aeromonas species. In The Genus Aeromonas
(ed. B. Austin, M. Altwegg P.J. Gosling &W.S. Joseph), John Wiley and
Sons,Chichester, UK,pp.109-126.

4. Asmat A. and Gires U. Proceedings of the Regional Symposium on Environment and
Natural Resources 10-11th April 2002, The occurrence of Aerolysin-positive Aderomonas
hydrophila strains in seawater and associated with marine copepods.

5. Abd-El-Haleem, D., Kheirall, Z.H., Zaki, S., Rushdy, A.A., and Abd-El-Rahiem, W.
(2003). Multiplex-PCR and PCR-RFLP assays to monitor water quality against
pathogenic bacteria. Journal of Environmental Monitoring. 5(6):865-870.

6. Baquero, F., Martinez, J.L. and Canton, R (2008). Antibiotics and antibiotic resistance in
water environments. Current Opinion in Biotechnology. 19(3):260-5.

7. Bej, A.K., Mahhubani, M.H., Boyce, M.J. and Atlas, R.M. (1994). Detection of
Salmonella spp. in oysters by PCR. Applied and Environmental Microbiology. 60
(1):368-373.


http://aem.asm.org/content/74/17/5490.full#aff-3

10.

11.

12.

13.

14.

15.

16.

17.

Bellin, T., Pulz, M., Matussek, A., Hempen, H.G. and Gunzer, F. (2001). Rapid detection
of Enterohemorrhagic Escherichia coli by real time PCR with fluorescent hybridization
Probes. Journal of Clinical Microbiology. 39 (1): 370-374.

Bockelmann, U., Dorries, H.H., Ayuso-Gabella, M.N., Salgot, M., Tandoi, V., Levantesi,
C., Masciopinto, C., Van Houtte, E., Szewzyk, U., Wintgens, T. and Grohmann, E.
(2009).Quantitative PCR monitoring of antibiotic resistance genes and bacterial
pathogens in three European artificial groundwater recharge systems. Applied and
Environmental Microbiology. 75(1):154-63.

Bopp,D.J., Sauders,B.D., Waring,A.L., Ackelsberg,J. Dumas,N., Braun,E.,
Dziewulski,D., Wallace,B.J. Kelly,M.,Halse, T., Musser,K.A., Smith,P.F. Morse,D.L.and
Limberger,R.J. (2003). Detection, Isolation and Molecular Subtyping of Escherichia coli
0157:H7 and Camphylobacter jejuni associated with a large waterborne outbreak.
Journal of Clinical Microbiology. 41(1):174-180.

Borchardt, M.A., Stemper, M.E. and Standridge, J.H.(2003). Aeromonas isolates from
Human Diarrheic stool and groundwater compared by Pulsed-Field Gel Electrophoresis.
Emerging Infectious Diseases. 9(2):225-228.

Brandi,G., Sisti, M., Schiavano,G., Salvaggio,L. and Albano,A. (1996). Survival of
Aeromonas hydrophila ,Aeromonas cavie and Aeromonas sobria in soil. Journal of
Applied Bacteriology. 81 (4):439-444.

Cascon, A., Anguita, J., Hernanz, C., Sanchez, M., Fernandez, M. and Naharro, G.(1996).
Identification of Aeromonas hydrophila hybridization group 1 by PCR assays. Applied
and Environmental Microbiology. 62(4):1167-1170.

Chabalala, H.P. and Mamo, H. Prevalence of water-borne diseases within the health
facilities in Nakuru District, Kenya. October 2001.

Chen, W., Martinez, G. and Mulchandani, A. (2000). Molecular Beacons: A Real-Time
Polymerase Chain Reaction Assay for Detecting Sa/monella. Analytical Biochemistry.
280:166 —172.

Cohen, H.J., Mechanda, S.M. and Li, W. (1992). PCR amplification of the fim A gene
sequence of Salmonella typhimurium, a specific method for detection of Salmonella spp.
Applied and Environmental Microbiology.62 (12):4303-4308.

Colwell, R.R., Kaper, J. and Joseph, S.W. (1977).Vibrio cholera and Vibrio
parahaemolyticus and other vibrios: occurrence and distribution in Chesapeake Bay.

Science.198 (4315):394-396.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Colwell, R.R., Seidler ,R.J., Kaper, J., Joseph, S.W., Garges S., Lockman, H., Maneval,
D., Bradford, H., Roberts, N., Remmers, E., Huq, I. and Huq, A.(1981).Occurrence of
Vibrio cholera serotype Ol in Maryland and Louisiana estuaries. Applied and
Environmental Microbiology. 41(2):555-558.

Cooke, M.D. (1975). Antibiotic Resistance among coliform and fecal coliform bacteria
isolated from the freshwater Mussel hydriella menziesii. Antimicrobial Agents and
Chemotherapy.9 (6):885-888.

Craun G.F. and Wade, T.J. (2008). Outbreaks Associated With Recreational Water In The
United States, 1995-2004. Hygiena. 53(3):76-83.

Craun, MLF., Craun, G.F., Calderon, R.L. and Beach, M.J.(2006) Waterborne outbreaks
reported in the United States. Journal of Water and Health. 4 (2):19-30.

Diergaardt, S.M., Venter, S.N., Spreeth, A., Theron, J. and Brozel, V.S. (2004). The
occurrence of Campylobacters in water sources in South Africa. Water research. 38
(10):2589-2595.

Faruque, S.M., Khan, R., Kamruzzaman, M., Yamasaki, S., Ahmad, Q.S., Azim, T.,
Nair, G.B., Takeda, Y. and Sack, D.A.(2002). Isolation of Shigella dysenteriae Type 1
and S. flexneri Strains from Surface Waters in Bangladesh: Comparative Molecular
Analysis of Environmental Shigella Isolates versus Clinical Strains. Applied and
Environmental Microbiology. 68 (8):3908-3913.

Feng, P.(1992).Commercial Assay Systems For Detecting food borne Salmonella-
A.review. Journal of Food Protect. 55:927-934.

Fey, A., FEichler, S., Flavier, S., Christen, R., Hofle, M.G. and Guzman, C.A.
(2004).Establishment of a Real-Time PCR-Based Approach for Accurate Quantification
of Bacterial RNA Targets in Water, Using Salmonella as a Model Organism. Applied and
Environmental Microbiology. 70 (6): 3618-3623.

Fortin, N.Y., Mulchandani, A. and Chen, W. (2001). Use of real time polymerase chain
reaction and molecular beacons for the detection of Escherichia coli O157:H7. Analytical
Biochemistry. 289:281-288.

Frahm, E. and Obst, U. (2003).Applications of the fluorogenic probe technique (TagMan
PCR) to detection of Enterococcus spp. and Escherichia coli in water samples. Journal of
Microbiological Methods. 52:121-131.

Fykse, E.M., Skogan, G.,Davies, W., Olsen, J.S. and Blatny, J.M. (2007) Detection

of Vibrio cholerae by Real-Time Nucleic Acid Sequence-Based Amplification. Applied
and Environmental Microbiology. 73(5): 1457—-1466.


http://aem.asm.org/search?author1=Richard+Christen&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=S%C3%A9bastien+Flavier&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Stefan+Eichler&sortspec=date&submit=Submit

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Goering, R.V.(2004). Pulsed-field gel electrophoresis. In: Persing,D.H., Tenover, F.C.,
Versalovic, J. Tang, Y.W., Unger,E.R., Relman, D.A. and White, T.J. (ed.). Molecular
Microbiology, Diagnostic Principles and Practice. ASM Press, Washington, DC, pp.185-
196.

Gonzal, S.M., Gerba, C.P. and Melnick, J.L. (1979).Transferable drug resistance in
bacteria of coastal canal waters and sediments. Water research. 13:349-356.

Griffin, D.W., Lipp, E.K., McLaughlin, M.R. and Rose, J.B. (2001). Marine recreation
and public health microbiology: quest for the ideal indicator. BioScience. 51:817-825.
Gubala, A.J. (2006). Multiplex Real-Time PCR Detection of Vibrio cholerae. Journal of
microbiology methods. 65 (2) :278-293.

Gubala, A.J. and Proll, D.F. (2006). Molecular-Beacon Multiplex Real-Time PCR Assay
for Detection of Vibrio cholera. Applied and Environmental Microbiology. 72(9): 6424—
6428.

Hamner, S., Broadaway, S.C., Mishra, V.B., Tripathi, A., Mishra, R.K., Pulcini, E., Pyle,
B.H. and Ford, T.E.(2007) . Isolation of Potentially Pathogenic Escherichia coli
O157:H7 from the Ganges River. Applied and Environmental Microbiology. 73 (7):2369-
2372.

Heijnen, L. and Medema, G. (2006).Quantitative detection of E.coli, E.coli 0157 and
other Shiga toxin producing E.coli in water samples using a culture method combined
with real-time PCR. Journal of Water and Health. 4 (4):487-498.

Hernandez, J., Alonso, J.L., Fayos, A., Amoros, I. and Owen, R.J. (1995).Development of
a PCR assay combined with a short enrichment culture for detection of Campylobacter
Jjejuni in estuarine surface waters. FEMS Microbiology Letters. 127 (3):201-206.

Hunter, P.R. (1997). Waterborne diseases. Epidemology and Ecology, John Wiley and
Sons, Chichester, United Kingdom.

Janda, J.M. and Abbott, S.L. (1998).Evolving concepts regarding the genus Aeromonas :
an expanding panorama of species, disease presentations and unanswered questions.
Clinical Infectious Diseases. 27 (2):332-344.

Jones, J.D., Law, R. and Bej, A.K. (1993). Detection of Salmonella spp. in oysters using
polymerase chain reaction (PCR) and gene probes. Journal of Food Sciences. 58:1191-
1197.

Khan, 1.U., Loughborough, A. and Edge, T.A.(2009). DNA-based real-time detection and
quantification of aeromonads from fresh water beaches on Lake Ontario. Journal of

Water and Health. 7(2):312-23.


http://www.ncbi.nlm.nih.gov/pubmed/19240357
http://www.ncbi.nlm.nih.gov/pubmed/19240357

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Klaire, 1., Hejer ,H.,Claus, H., Bohme, G., Marin, S., Seltmann,G., Hakenbeck, R.,
Antanassova, V., Witte W.(1995). Enterococcus faecium strains with van4-mediated
high-level glycopeptide resistance isolated from animal foodstuffs and fecal samples of
humans in the community. Microbial Drug Resistance.1 (3):265-72.
Kummerer, K. (2004). Resistance in the Environment. Journal of Antimicrobial
Chemotherapy .54 (2):311-320.
Koike, S. Krapac , I.G., Oliver ,H.D., Yannarell ,A.C., Chee-Sanford, J.C., Aminov , R.L.,
and Mackie, R.I. (2007). Monitoring and source tracking of Tetracycline Resistance
Genes in Lagoons and Groundwater Adjacent to Swine Production Facilities over a 3 year
period. Applied and Environmental Microbiology. 73(15): 4813—-4823.
Kong ,R.Y.C., Lee, SK.Y., Law, T.W.F., Law, S H.W. and Wu, R.S.S. (2002).Rapid
detection of six types of bacterial pathogens in marine waters by Multiplex PCR. Water
Research. 36 (11):2802-2812.
Kumar, N. (1997). “A View on Freshwater Environment”. Ecology, Environment and
Conservation. 3:3-4.
Kuusi, M., Klemets, P., Miettinen, 1., Laaksonen, I., Sarkkinen, H., Hanninen, M.L.,
Rautelin, H., Kela, E., Nuorti, J.P. (2004). An outbreak of gastroenteritis from a non-
chlorinated community water supply. Journal of Epidemiology and Community Health.
58(4):273-2717.
Liang, J., Dziuban, E., Craun, G., Hill, V., Moore, M., Gelting, R., Calderon, R., Beach,
M., Roy, S. and Centers for Disease Control and Prevention (CDC) (2006).Surveillance
for waterborne disease and outbreaks associated with drinking water and water not
intended for drinking —United States, 2003-2004. MMWR Surveillance. Summary. 55
(12):31-65.
Lipp, E.K., Rivera, ILN.G, Gill, A.L., Espeland , E.M., Choopun, N., Louis, V.R., Russek-
Cohen, E. Huq, A. and Colwell, R.R.(2003).Direct detection of Vibrio cholerae and ctx A
in Peruvian coastal water and plankton by PCR. Applied and Environmental
Microbiology.69:3676-3680.
Lopez A.D., Mathers, C.D., Ezzati,M., Jamison, D.T., Murray,C.J. (2006). Global and
regional burden of disease and risk factors, 2001:systematic analysis of population health
data. Lancet. 367(9524): 1747-1757.

Lothigius, A., Janzon, A., Begum, Y., Sjoling, A., Qadri, F., Svennerholm, A.M.
and Bolin, 1.(2008) Enterotoxigenic Escherichia coli is detectable in water samples from

an endemic area by real-time PCR. Journal of Applied Microbiology. 104(4):1128-36.



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Lyon, W.J. (2001). TagMan PCR for detection of Vibrio cholera O1, 0139, non-O1 and
non-0139 in pure cultures, raw oysters and synthetic seawater. Applied and
Environmental Microbiology. 67(10): 4685-4693.

Malhotra, R. Disease: A Common Issue in Many Parts of the World .March 31, 2009.
Martinez, J.L. 2008. Antibiotics and antibiotic resistance genes in natural environments.
Science. 321:365-367.

Millennium Development Goals Report (MDG) Report 2008". Published by the United
Nations Department of Economic and Social Affairs (DESA). Retrieved 2010-07-25.
Moreno. Y., Botella, S., Alonso, J.L.., Ferras, M.A., Hernandez, M. and Hernandez, J.

(2003) Specific detection of Arcobacter and Campylobacter strains in water and sewage
by PCR and fluorescent in situ hybridization. Applied and Environmental Microbiology.
69 (2):1181-6.

Muniesa, M., Jofre, J., Garcia-Aliaro, C.and Blanch, A.R.(2006).Occurrence of

Escherichia Coli O157:H7 and other Enterohemorrhagic in the Environment.
Environment Science and Technology. 40(23):7141-7149.

Mull, B. And Hill, V.R. (2009). Recovery and detection of Escherichia coli O157:H7 in
surface water, using ultrafiltration and real-time PCR. Applied and Environmental
Microbiology. 75(11):3593-7.

Munir, M., Wong, K., and Xagoraraki, I. (2011). Release of antibiotic resistant bacteria
and genes in the effluent and biosolids of five wastewater utilities in Michigan. Water

research. 45 (2):681-693.

Olive, D.M. and Bean, P. (1999). Principles and applications of methods for DNA-based
typing of microbial organisms. Journal of Clinical Microbiology. 37(6):1661-1669.

Oguntoke, O., Aboderin, O.J. and Bankole, A.M. (2009). Association of water-borne
diseases morbidity pattern and water quality in parts of Ibadan City, Nigeria. Tanzania
Journal of Health Research. 11(4):189-95.

Pant, A., Mittal, and A.K. (2007). Monitoring of pathogenicity of effluents from the
UASB based sewage treatment plant. Environmental Monitoring and Assesment. 133 (1-
3):43-51.

Price, E.P., Huygens, F. and Giffard, P.M. (2006). Fingerprinting of Camphylobacter
Jjejuni by using resolution —optimized binary gene targets derived from the comparative

genome hybridization. Applied and Environmental Microbiology. 72 (12):7793-7803.


http://www.ncbi.nlm.nih.gov/pubmed/12571045
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hern%C3%A1ndez%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hern%C3%A1ndez%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ferr%C3%BAs%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Alonso%20JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Botella%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moreno%20Y%22%5BAuthor%5D

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Pruden, A., Pei, R. Storteboom , H. and Carlson, K.H. (2006). Antibiotic resistance genes
as emerging contaminants: studies in northern Colorado. Environmental Science and
Technology.40 (23):7445-7450.

Pruss, A., Kay,D., Fewtrell,L., Bartram ,J., Estimating the Burden of Disease from
Water, Sanitation, and Hygiene at a Global Level. Environmental Health Perspectives IN
PRESS.

Rajendran, P., Murugan, S., Raju, S., Sundararaj, T., Kanthesh, B.M., and Reddy, E.V.
(2006). Bacteriological Analysis Of Water Samples From Tsunami Hit Coastal Areas Of
Kanyakumari District, Tamil Nadu . Indian Journal of Medical Microbiology. 24 (2):114-
6.

Reynolds, K., Mena, K. and Gerba, C.(2008).Risk of waterborne illness via drinking
water in the united states. Reviews of Environmental Contamination and toxicology.
192:117-158.

Ribot, E.M., Flair, M.A., Gautom, R., Cameron, D.N., Hunter, S.B., Swaminathan, B. and
Barrett, T.J. (2006). Standardization of Pulsed-Field Gel Electrophoresis Protocols for
subtyping of Escherichia coli O 157:H7, Salmonella and Shigella for PulseNet.
Foodborne pathogens and disease. 3(1): 59-67
Rowe-Magnus, D.A. and Mazel, D. (1999). Resistance Gene Capture .Current Opinion in
Microbiology. 2 (5):483-488.

Salyers, A.A., Gupta, A. and Wang, Y. (2004). Human intestinal bacteria as reservoirs for
antibiotic resistance genes. Trends in Microbiology. 12 (9):412-416.

Sahasrabuddhe, K., Mahabaleshwarkar, M., Joshi, J. and Kanade, R. Changing Status Of
Urban Water Bodies And Associated Health Concerns In Pune, India. Proceedings of the
Third International Conference on Environment and Health, Chennai, India, 15-17
December, 2003.

Samra,Z.Q., Snaseem,M., Khan,S.J. and Athar,M.A. (2009). PCR Targeting of Antibiotic
Resistant Bacteria in Public Drinking Water of Lahore Metropolitan, Pakistan.
Biomedical and Environmental Sciences. 22 (6): 458-463.

Saxena, M.M., and Chhabra, C. (2004). A status survey of common water-borne diseases
in desert city Bikaner (NW Rajasthan, India). J Commun Dis. 36(1):53-9.

Schwartz, T., Volkmann, H., Kirchen, S., Kohnen, W., Schon-Hélz, K., Jansen, B.
and Obst, U.Real-time PCR detection of Pseudomonas aeruginosa in clinical and
municipal wastewater and genotyping of the ciprofloxacin-resistant isolates. FEMS

Microbiology Ecology. 57(1):158-67.


http://www.ncbi.nlm.nih.gov/pubmed/16819959
http://www.ncbi.nlm.nih.gov/pubmed/16819959
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Obst%20U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jansen%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%B6n-H%C3%B6lz%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kohnen%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kirchen%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Volkmann%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schwartz%20T%22%5BAuthor%5D

74.

75.

76.

T7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Sharma, A. and Chaturvedi, A.N.(2006) Prevalence of virulence genes (ctxA, stn, OmpW
and tcpA) among non-O1 Vibrio cholerae isolated from fresh water environment. /nt J
Hyg Environ Health. 209(6):521-6.

Singh D.V., Matte, M.H., Matte, G.R., Jiang, S., Sabeena, F., Shukla, B.N., Sanyal, S.C.,
Hugqg, A. and Colwell, R.R. (2001).Molecular analysis of Vibrio colerae 01,0139, non-O1
and non-O139 strains:clonal relationships between clinical and environmental isolates.
Applied and Environmental Microbiology. 76:910-921.

Singh, G., Vajpayee, P., Ram, S. and Shanker, R.(2010). Environmental Reservoirs for
Enterotoxigenic Escherichia coli in South Asian Gangetic Riverine System.
Environmental. Science and Technology. 44 (16):6475-6480.

Singhal, R.L. and Sood, O.P.(1997). Waterborne Diseases: the continuing Challenge. 57.
Tenover, F.C. (2006).Mechanisms of antimicrobial resistance in bacteria. American
Journal of Medicine. 119 (6A):S3-S10.

Till, D., McBride, G., Ball, A., Taylor, K. and Pyle, E. (2008). Large-Scale Freshwater
Microbiological Study: Rationale, Results and Risks. Journal of Water and Health.
6(4):443-460.

Toze, S. (1999). PCR and the detection of microbial pathogens in water and wastewater.
Water Research. 33 (17):3545-3556.

Tyagi, S. and Kramer, F.R.(1996). Molecular beacons-Probes that fluoresce upon
hybridization. Nature Biotechnology.14:303-308.

Van Heerden, J., Ehlers, M.M., Van Zyl, W.B. and Grabow, W.0.(2003). Incidence of
adenoviruses in raw and treated water. Water Research. 37(15):3704-8.

Volkmann, H., Schwartz, T., Bischoff, P., Kirchen, S. and Obst, U. (2004).Detection of
clinically relevant antibiotic-resistance genes in municipal wastewater using real-time
PCR (TagMan). Journal of Microbiological Methods. 56(2):277-86.

WHO, 2002. Combating diarrhoeal disease in India through safe drinking waterJustin
DeNormandie and Janette Sunita, Population Services International (PSI) Delhi, India.
World Health Organization. Guidelines for drinking-water quality. Vol 3. Surveillance
and control of community supplies. 2nd ed. Geneva: WHO, 1997.

Xi, C., Zhang, Y., Marrs, C.F., Ye, W., Simon, C., Foxman, B and Nriagu, J. (2009).
Prevalence of Antibiotic Resistance in Drinking Water Treatment and Distribution
Systems. Applied and Environmental Microbiology.75 (17): 5714-5718.

Yan, T. and Sadowsky, M.J. (2007). Determining sources of fecal bacteria in waterways.

Environmental Monitoring and Assessment. 129(1-3):97-106.


http://aem.asm.org/search?author1=Jerome+Nriagu&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Wen+Ye&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Carl+F.+Marrs&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Yongli+Zhang&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Chuanwu+Xi&sortspec=date&submit=Submit

88. Yang, C., Jiang, Y., Huang, K., Zhu, C. and Yin, Y. (2003).Application of real-time PCR
for quantitative detection of Campylobacter jejuni in poultry, milk and environmental
water. FEMS Immunology and Medical Microbiology. 38(3):265-71.

89. Yates, M.V., Gerba, C.P. and Kelley, L.M. (1985). Virus persistence in groundwater.
Applied and Environmental microbiology. 49:778-781.

90. Yoder, J., Roberts, V., Craun, G.F., Hill, V., Hicks, L.A., Alexander, N.T., Radke, V.,

Calderon, R.L., Hlavsa, M.C. Beach, M.J. Roy, S.L. and Centers for Disease Control
and

Prevention. (2008). Surveillance for waterborne diseases and outbreaks associated with

drinking water and water not intended for drinking- United States, 2005-2006.MMWR

Surveillance Summaries. 57 (9):39-62.

91. Zhang, Y., Marrs, C.F., Simon, C. and Xi, C. (2009). Wastewater Treatment Contributes
to

Selective increase of antibiotic resistance among Acinetobacter spp. Science of the total

Environment. 407 (12):3702-3706.


http://www.ncbi.nlm.nih.gov/pubmed/14522462

