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Abstract

Enteric viruses are mostly found in a variety of aquatic reservoirs including ground water, sewage water, streams, rivers and
marine water. They are associated with health risks and responsible for variety of infections in humans. Enteric viruses
existence varied greatly in the aquatic environment and also depends upon human activities. Traditional water quality indicators
like bacterial coliforms provide no information regarding enteric viruses load in different types of water samples. Environmental
water samples are analyzed by a variety of analytical methods for the detection and monitoring of enteric viruses. The virus
particles in environment samples are concentrated by adsorption/elution protocols, ultrafiltration or ultra-centrifugation prior to
isolation or detection. In spite of the limitations for each method traditional cell culture infectivity assay and molecular biology
tools like nucleic acid amplification, microarray based assay or combination of cell culture and polymerase chain reaction are
used as valuable informative tool to detect enteric viruses in aquatic environment.

INTRODUCTION

Water borne diseases have great socioeconomic impacts on
public health all around the world. Natural water is a
complex mixtures of inorganic, organic compounds and
macro-organisms. Swage water comprises of different
substance originates from industrial, commercial and
residential activities. It also carries different chemicals toxic
wastes and biological infectious agents of fungal, bacterial
and viral origins. Enteric viral pathogens presence in waste
water is important with public health perspective(Bosch,
1998). Enteric viruses commonly cause gastroenteritis and
mostly transmitted through the fecaloral route. They include
different group of viruses present in human intestinal tract
and responsible for different illnesses like fever, meningitis,
hepatitis, rashes and respiratory diseases. They are divided in
to a number of different families including Picornaviridae
(polioviruses, coxsackieviruses, echoviruses, enteroviruses
and hepatitis A virus), Adenoviridae (adenoviruses),
Reoviridae (reoviruses and rotaviruses), and Caliciviridae
(noroviruses, caliciviruses, and astroviruses) (Wilhelmi et
al., 2003).
Although some enteric viruses have been found in the
aquatic environments there is still a lack of comprehensive
indicator system for monitoring of these organisms (Wyn
Jones et al., 2011). These viruses have the ability to survive
for a longer time (130) days and remain infectious at lower
doses. They are discharged continuously to environment
from their hosts (Fong and Lipp, 2005).The monitoring of
enteric viruses in different aquatic environments would be

helpful to assess the risk of human exposures. In aquatic
environment the quantification of these viruses is difficult
technically, requires a long time and is expensive. In fact,
the viruses of primary concern are difficult or impossible to
quantify. Therefore, many public agencies rely on bacterial
indicator organisms to establish a quality However, they are
not correlated with the occurrence of enteric viruses (Parkin
et al., 2003). The main problems with bacterial indicators
are, they do not reflect the presence for other pathogens,
such as viruses and parasites, they do not depict the fact that
many pathogens reproduce in the environment after being
excreted by their host (Fong and Lipp, 2005). In some cases,
where assays have been within the limits recommended for
bacterial indicators in water, human enteric viruses have
been found at dangerously high concentrations.  Current
microbial indicators (e.g. enterococci, fecal streptococci and
fecal coliform bacteria) simply do not give information on
the viral quality of water (Ehlers et al., 2005). Other studies
suggest the use of alternative indicators of viral pathogens,
such as bacteriophages, (Ogorzaly et al., 2009), or
adenoviruses (Wyn Jones et al., 2011).  But still there is no
consensus on the best indicator for viral pathogens in the
environment. Different types of enteric viruses and diseases
caused by are grouped in (Table 1). 
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Table 1

Human enteric viruses

Human enteroviruses are members of the family
Picornaviridae, which consist of non-enveloped virus
particles containing a single-stranded positive sense RNA
genome protected by an icosahedral capsid (Okoh et al.,
2010). Enteroviruses can be transmitted by the fecal–oral
route from any surface or ground water such as estuarine
water, seawater, rivers, springs and drinking water that
directly or indirectly receives treated or untreated
wastewater (Chen et al., 2007; Vivier et al., 2004).
Polioviruses are transmitted via faecal-oral route. Thus
raising some concerns not to underestimate the infection risk
by exposure to the viruses in water more so in rural
communities which use sewage polluted river water for
domestic purposes (Pavlov et al., 2005).  Noroviruses are a
major cause of acute viral gastroenteritis that impact on
people of all ages worldwide (Okoh et al., 2010). They are
estimated to cause up to 66% of all food-borne illnesses
attributable to known causes in the United States (Allwood
et al., 2003).
Adenovirus is frequently found in urban rivers and polluted
coastal waters (Jiang et al., 2005). It has been observed that
human adenoviruses  are present at a higher frequency in
sewage than any other enteric virus (54) and that are
excreted in high concentrations from infected patients (Fong
et al., 2010). Rotaviruses  are the most important causes of
acute diarrhea in young children worldwide
(GutièrrezAguirre et al., 2008).

Hepatitis is a collective term for several diseases of the liver
caused by viruses, five of which have been reasonably
characterized to come from a wide range of families (Hunt
and Saab 2009). Hepatitis A virus is a significant cause of
morbidity, life-threatening and attendant socio-economic
losses in many parts of the world especially in developing
countries (Kittigul et al., 2000).  Coxsakievirus A is the
common cause of hand, foot and mouth disease in infants
and children which is characterized by fever and vesicles in
the mouth and on distal extremities (Frydenberg and Starr,
2003).

SOURCES OF VIRAL POLLUTION

The point source of enteric viruses to the aquatic
environment includes the human waste like sewage,
industrial waste, vessel discharges are transferred to the
marine environment continuously. Nonpoint source like land
runoff can affect the volume of microbial discharge in the
aquatic environment after rain fall (Lipp et al., 2001; Gerba
et al. 2002).
Upon the discharge of enteric viruses in aquatic environment
the risk of disease outbreaks would depend on the duration
of survival and high concentrations. These viruses have the
ability to survive and remain infectious for long time in
aquatic environment (Rzezutka and Cook, 2004).  However
different environmental factors affect the persistence and
survival of these viruses in aquatic reservoirs.

ENVIRONMENTAL EFFECTS

The environmental factors like temperature, pH, ultraviolet
light and salinity have great effects on survival in aquatic
environment. Higher temperatures cause inactivation of
viruses by denaturing the proteins and nucleic acid while
lower temperature support the viral survival for longer times
(Lipp et al., 2001). The slow inactivation rate of
enteroviruses was shown  at 2°C as compare to 30° C but  at 
acidic pH and it was found that pH along with salinity act as
is a major factor for inactivation (Wetz et al.2004).  Enteric
viruses can be inactivated by ultraviolet  light by damaging
the nucleotides (Lamont et al., 2007).

WATER AND VIRUS CONCENTRATION
METHODS FOR DETECTION

Enteric viruses are found in a variety of aquatic reservoirs
like Sewage, ground water, drinking water, rivers and
oceans. Due to the small number of these viruses in aquatic
environmentvirus concentration and purification methods are
important for isolation or detection by molecular methods.
Optimization of viral particle concentration methods in
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aquatic water samples is a critical step for the detection
enteric viruses. Each of these methods has advantages and
disadvantages. Most methods for detection and
quantification of waterborne viruses from environmental
samples require concentration from large volumes (100 to
1,000 L) of water. Methods for concentration and detection
of enteric viruses from environment water samples are
reviewed by Griffin et al. (2003), Wyn-Jones et al. (2011), 
Rajtar et al. (2008) and Hamza et al.(2011).A good viral
concentration method has the following characteristics: it
would be simple technically, fast, provides high recoveries,
capable of recovering a high percentage from wide range of
viruses, produces a small volume of concentrate and
inexpensive (Bosch, 1998). A variety of methods have been
used to concentrate viruses from different aquatic
environments waters. These include ultrafiltration
(Wommack et al., 2010), ultracentrifugation (Lawrence and
Steward, 2010), and adsorption-elution techniques
(Katayama et al., 2002). Ultrafiltration and
ultracentrifugation have been used to concentrate viruses
from large sample volumes (100L) of natural water
(Lawrence and Steward, 2010; Steward and Culley, 2010).
Adsorption-elution methods have been used for water
quality assessments and detection of human viral pathogens
from small sample volume (1L) by simple equipment and
procedures.

DETECTION METHODS

Environmental virology has been evolving as a scientific
field for more than 60 years and variety of sampling and
analytical methods are available for detection of enteric
viruses in aquatic environment (lee et al. 2005). Initial virus
detection methods relied on cell cultures and those are still in
widespread use today. Newer, polymerase chain reaction
(PCR)-based molecular methods have been developed to
increase the sensitivity of virus detection in the environment.
These methods are efficient for the detection of enteric
viruses but confirmation infectivity requires the presence of
the viral host. Cell culture and plaque assays are still the
preferred techniques to measure infectivity (li et al. 2010).
The viral strains require specific host cell for cell culture and
it is a limitation to use this technology for different viruses
which are not cultivable. In addition, samples of viral
concentrates must be highly purified and contaminants free
prior to inoculation on cell lines.Cell culture assays are time
consuming and expensive (Reynold et al. 2004). These
limitations in cell culture methods paved a way for the use of
molecular tools for the monitoring of enteric viruses in
aquatic environment.

Polymerase chain reaction methods are based on
amplification of Nucleic acid from the target organism. The
PCR methods are rapid and more sensitive than cell culture
methods with detection limits up to single genomic copy of
virus per liter of sample. These methods are highly specific
and can also be used for detection of non-culturable viruses.
There are, however, some disadvantages with PCR
techniques. Higher potential for contamination of samples,
amplification of non-specific target sequences, and
limitations due to the fact that only a small portion of the
concentrated sample is analyzed. Furthermore, there is no
way to distinguish between infective and non-infective
viruse particles. In spite of this, PCR still can provide
information about virus existence in aquatic
environment(wolf et al. 2009; Girones et al., 2010). The
implementation of the combination of molecular methods
and cell culture techniques and high-throughput analytical
assay like microarray are also used as valuable tool for
accurate and better reflection of enteric viruses in aquatic
reservoirs ( Connell et al. 2012; Kim et al. 2012)

CONCLUSION

Enteric viruses are known to cause different kind of
infectious diseases in humans. Detection and monitoring of
these organisms in aquatic environment is challenging and
helpful in control and reduction of water borne illnesses. It is
evident that no single approach or method provides
comprehensive information. Current methods in use like cell
culture assay, Polymerase chain reaction or microarray based
tools have some advantages and drawbacks upon each other
side by side. Furthermore it is not easy to adopt them as
routine laboratory procedures. So development of new
approaches and efficient methods with higher sensitivity and
specificity are needed.
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